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(54) Toner and development unit and image forming apparatus using the same 



(57) A toner comprising: a plurality of mother parti- 
cles 12; and a plurality of external additive particles 13 
to be attached to the mother particles 12, the external 
additive particles 13 including external additive particles 
13 attached to the mother particle 12 and external addi- 
tive particles 13 liberated from the mother particles, 
wherein an inclination (particle sizes of the external 
additives/particle sizes of the mother particles) of an 
approximation straight line obtained by approximating 
distribution of particle sizes of the external additives 
with respect to the particle sizes of the mother particles 
by a least-square method is not larger than 0.6. Also 
disclosed is an image forming apparatus using the 
toner. 
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Description 

[0001] This invention relates to a toner and a development unit and an image forming apparatus using the same. 

5 1 . Image forming apparatuses are constituted to use a toner to develop an electrostatic latent image formed on a 

latent-image carrier and transfer the developed image to a transfer member, such as paper, so that a transferred 
image of the exposed electrostatic latent image positioned on the latent-image carrier is obtained on the transfer 
member. 

Fig. 10 is a schematic view showing an intermediate transfer type full-color image forming apparatus as an 

10 example of the conventional image forming apparatus 

As shown in Fig. 10, the image forming apparatus 101 is constituted such that an image is exposed on a latent- 
image carrier (hereinafter sometimes called an "OPC") 102 so that an electrostatic latent image is formed. Moreo- 
ver, the electrostatic latent image on the OPC 102 is sequentially (the order of colors may be determined arbitrarily) 
developed by yellow, magenta, cyan and black development units 1 03, 1 04, 1 05 and 1 06 so as to be formed into a 

15 visible image. Then, color matching of the developed image on the OPC 102 is performed by a transferring unit 107, 
and then transferred to a transfer paper 108 which is one example of transfer members. Then, the transfer image 
is fixed by a fixing unit 109. As a result, a required image is obtained on the transfer paper 108. 

After the developed image has been transferred to the transfer paper 1 08, residual toner T left on the OPC 1 02 
is removed by a cleaning blade 1 10 so as to be gathered into a residual toner box 111. 

20 Toner T for use in the conventional image forming apparatus 1 01 is described below. Toner T supplied from the 

toner supply members 103c, 104c, 105c and 106c of the development units and placed on the toner carriers 103a f 
104a, 105a and 106a is, by the toner-regulating members 103b, 104b, 105b and 106b, formed into a uniform layer 
and uniformly electrified. Then, toner T is moved to the OPC 102. To reliably move toner T to the OPC 102 through 
spaces between the toner carriers 103a, 104a, 105a and 106a and the toner blades 103b. 104b 105b and 106b, 

25 toner T must have satisfactory fluidity and excellent electrification characteristic. Therefore, conventional toner T 
has a constitution that external additives 13 composed of silica (Si0 2 ) are allowed to adhere to the surfaces of 
mother particles 12 made of a resin as shown in Fig. 1 1 to improve the fluidity and electrification characteristics 
thereof. 

Toner T produced such that the external additives 13 are allowed to adhere to the mother particles 12 also 
30 includes the external additives 1 3 liberated from the mother particles 1 2. The liberated external additives 1 3 are rel- 
atively hard as compared with the mother particles 12. When the liberated external additives 13 contained in resid- 
ual toner T are removed by the cleaning blade 1 1 0, the liberated external additives 1 3 are fixed to a contact portion 
(a nip portion) 1 02a of the OPC 1 02 with the cleaning Wade 1 1 0 as shown in Fig. 1 2 so that the external additives 
13 remain. As a result, so-called filming occurs. If filming occurs, an image having a satisfactory quality cannot be 
35 obtained. 

Therefore, a technique for preventing occurrence of filming has been suggested in Japanese Patent Publica- 
tion No. 7-99438 by reducing coagulation (aggregation) of the external additives 13 Ifoerated from the mother par- 
ticles 1 2 of toner T for use in the image forming apparatus 1 . 

According to the foregoing disclosure, occurrence of the filming at the cleaning blade 110 due to the external 
40 additives 13 can be somewhat reduced. 

The inventors of the present invention has variously studied about filming, thus resulting in a fact that external 
additives 1 3 allowed to adhere to the mother particles 1 2 of toner T also can fix to the cleaning blade 1 1 0 so that 
filming occurs. That is, stress is repeatedly exerted on the external additives 13 allowed to adhere to the mother 
particles 12 when a contact development is performed in which the external additives 13 are brought into contact 
45 with the OPC 1 02 and when a contact transfer is performed in which the external additives 13 are brought into con- 
tact with the transferring unit 107 during the process for developing ah electrostatic latent image on the OPC 102 
and the process for transferring a developed image on the OPC 102. As a result of the stress, the external additives 
1 3 are liberated from the mother particles 12. 

Even if coagulation (aggregation) of the external additives 13 liberated from the mother particles 12 in toner T 
so is reduced as disclosed in the foregoing disclosure, the external additives 1 3 liberated from the mother particles 1 2 
owning to the stress undesirably remain in the nip portion 102a of the OPC 102. Thus, external additives 13 are 
fixed to the nip portion 102a. Thus, filming occurs. 

If the external additives 13 in the form of the coagulation do not exist in toner T, existence of the liberated exter- 
nal additives 13 having a small particle size in a large amount causes secondary coagulation of the external addi- 
55 tives 13 to occur. The secondary coagulation is caused from electrostatic coagulation which occurs during contact 
development with the OPC 102 when the development process is performed and contact transfer with the transfer- 
ring unit 1 07. Stress of toner T which is exerted during the contact development with the OPC 1 02 is usually larger 
than stress in the development unit. The development unit for use in a high image quality development system is 
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generally arranged to rotate at different peripheral speed with respect to the OPC 102. Therefore, a fact has been 
detected that great stress is exerted on toner T and, thus, secondary coagulation of the external additives 13 easily 
occurs. 

As described above, the disclosed toner cannot prevent occurrence of coagulation caused from the secondary 
coagulation of the external additives 13 liberated from the mother particles 12 in toner T. Therefore, occurrence of 
filming cannot satisfactorily and effectively be prevented. 

In addition, there is a concern that the external additives are liberated from the mother particles when stress is 
repeatedly exerted on toner during contact development and contact transfer. Therefore, the lifetime of toner is lim- 
ited. That is, elongation of the lifetime of toner cannot be expected. 

2. Fig. 20 is a schematic view showing an intermediate transfer type full-color image forming apparatus as an 
example of the conventional image forming apparatus. 

As shown in Fig. 20, the image forming apparatus 201 is constituted such that an image is exposed on to a 
latent-image earner (hereinafter sometimes called an "OPC") 202 so that an electrostatic latent image is formed. 
Moreover, the electrostatic latent image on the OPC 202 is sequentially (the order of colors may be determined 
arbitrarily) developed by yellow, magenta, cyan and black development units 203. 204, 205 and 206 so as to be 
formed into a visible image. Then, color matching of the developed image on the OPC 202 is performed by a trans- 
ferring unit 207, and then transferred to transfer paper 208 which is one of transfer members. Then, the transfer 
image is fixed by a fixing unit 209. As a result, a required image is obtained on the transfer paper 208. 

After the developed image is transferred to the transfer paper 208, residual toner T left on the OPC 202 is 
removed by a cleaning blade 210 so as to be gathered in a residual toner box 211. 

Toner T for use in the conventional image forming apparatus 201 is described below. Toner T supplied from the 
toner supply members 203c. 204c, 205c and 206c of the development units and placed on the toner carriers 203a, 
204a, 205a and 206a is, by toner-regulating members 203b. 204b. 205b and 206b, formed into a uniform layer and 
uniformly electrified. Then, toner T is moved to the OPC 202. To reliably move toner T to the OPC 202 through 
spaces between the toner carriers 203a, 204a. 205a and 206a and the toner blades 203b. 204b, 205b and 206b. 
toner T must have satisfactory fluidity and excellent electrification characteristic. Therefore, conventional toner T 
has a constitution that external additives 13 composed of silica (SiOa) are allowed to adhere to the surfaces of 
mother particles 12 made of a resin as shown in Fig. 1 1 to improve the fluidity and electrification characteristics 
thereof. 

Toner T comprising the external additives 13 allowed to adhere to the mother particles 12 has the characteris- 
tics as shown in Fig. 21 that the mother particles 12 has higher adhesive property as compared with that of a heat- 
ing member 209a of the fixing unit 209. On the other hand, the external additives 1 3 have low adhesive property as 
compared with that of the heating member 209a of the f ixing unit 209. If toner T on the transfer paper 208 is toner 
T which smoothly adhere to the mother particles 12 of the external additives 13, the external additives 13 exist at 
an interface between the heating member 209a of the fixing unit 209 and toner T on the transfer paper 208 when 
the transferred image on the transfer paper 208 is fixed. Therefore, adhesion between the heating member 209a 
and toner T on the transfer paper 208 is considerably reduced. Therefore, so-called offset of toner T with which 
toner T on the transfer paper 208 adheres to the heating member 209a does not occur. 

If toner T on the transfer paper 208 is toner T which does not smoothly adhere to the mother particles 12 of the 
external additives 13. substantially no external additives 13 exists at the interface between the heating member 
209a and toner T on the transfer paper 208 during the fixing process. Therefore, the adhesion between the heating 
member 209a and toner T on the transfer paper 203 is undesirably enhanced. Therefore, offset of toner T occurs 
as shown in Fig. 21 . Hence it follows that the transfer paper 208 undesirably wound to the heating member 209a. 

Therefore, a technique has been suggested in Japanese Patent Publication No. 5-56501. in which toner is 
arranged such that specific inorganic fine particles having a separating function is mixed with toner T for use in the 
image forming apparatus 201. Thus, offset of toner occurring during the fixing process is prevented. 

Toner disclosed as described above causes the specific inorganic fine particles exist between the surface of 
molten toner and the heating member during the fixing process. Thus, the separating characteristic of the specific 
inorganic fine particles prevents adhesion of toner T to the heating member. As a result, occurrence of offset can 
be prevented. 

The inventors of the present invention has studied the offset of toner which occurs during the fixing process. 
As a result, toner T of the type having the external additives 13 allowed to adhere to the mother particles 12 is 
caused to be toner T forming the transferred image transferred to the surface of the transfer paper 208 and includ- 
ing toner in which the external additives 1 3 are liberated and inhibited from satisfactory adhesion to the mother par- 
ticles 12. The reason for this lies in that stress is repeatedly exerted on the external additives 13 allowed to adhere 
to the mother particles 12 when a contact development is performed in which the external additives 13 are brought 
into contact with the OPC 202 and when a contact transfer is performed in which the external additives 13 are 
brought into contact with the transferring unit 207. As a result of the stress, the external additives 13 are liberated 
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from the mother particles 12. 

Even if the specific inorganic fine particles are mixed with toner as employed in the foregoing disclosure, the 
stress sometimes causes the specific inorganic fine particles to be liberated from the mother particles. Therefore, 
there is a concern that the offset of toner cannot effectively be prevented. 

5 As described above, the disclosed toner cannot necessarily prevent liberation of the specific inorganic fine par- 

ticles from the mother particles which occurs owning to the stress which is exerted during the contact development 
process and the contact transfer process. Therefore, occurrence of the offset of toner cannot satisfactorily and 
effectively be prevented. In addition, the disclosed toner cannot reliably prevent liberation of the specific inorganic 
fine particles from the mother particles. To prevent occurrence of the offset, the lifetime of toner is limited. That is, 

10 elongation of the lifetime of toner cannot be expected. 

3. As shown in Fig. 26. a conventional development unit 301 is arranged to develop an electrostatic latent image 
on the surface of a latent-image carrier with toner. Toner in a toner-accommodating portion 302 moved to a toner 
supply member 304 by a toner-carrying member 303. Then, toner T is supplied to a toner carrier 305 by the toner 
supply member 304 so as to be held on the surface of the toner carrier 305. Moreover, toner T on the toner carrier 

15 305 is formed into a uniform thin layer by a toner-regulating blade 306. Moreover, toner T is uniformly electrified, 
and then moved to a latent-image carrier 307. Toner T is used to develop an electrostatic latent image on the latent- 
image carrier 307 so as to be visualized. 

Toner T for use in the conventional and usual development unit 301 is allowed to pass through a space 
between the toner carrier 305 and the toner-regulating blade 306 so as to be moved to the latent-image carrier 307 

20 when toner T on the toner carrier 305 is formed into the uniform thin layer and uniformly electrified by the toner- 
regulating blade 306. Toner T must pass through the space between the toner carrier 305 and the toner-regulating 
blade 306 so as to be formed into the uniform thin layer and electrified uniformly so as to be moved to the latent- 
image carrier 307. Therefore, toner T must have satisfactory fluidity and excellent electrification characteristic. 
Therefore, as shown in Fig. 1 1 , conventional toner T has a constitution that external additives 1 3 composed of silica 

25 (SiOa) are allowed to adhere to the surfaces of mother particles 12 composed of a resin. Thus, the required fluidity 
and electrification characteristic have been obtained. 

The particle sizes of particles of toner T. however, vary considerably. Moreover, adhesion of the external addi- 
tives 1 3 to the mother particles 1 2 is not always uniformly and sufficiently performed. Hence it follows that toner T 
having unsatisfactory fluidity and electrification characteristic is formed. If toner T of the foregoing type is moved to 

30 a contact portion (hereinafter also called a "nip portion") of the toner-regulating blade 306 with the toner carrier 305. 
toner T cannot pass through the space between the toner carrier 305 and the toner-regulating blade 306, as shown 
in Fig. 27. Thus, toner T is selectively left in the nip portion and retention of toner T occur. If toner T having unsat- 
isfactory fluidity, electrification characteristic and large particle sizes is moved and retained in the nip portion. The 
retained toner T having the large particle size undesirably forms a movement stripe on the toner carrier 305. 

35 If the foregoing movement stripe is formed on the toner carrier 305, only toner T having satisfactory fluidity, 

electrification characteristic and small and intermediate particle sizes is selectively moved to the latent-image car- 
rier 307. Therefore, an excellent image quality cannot be realized. 

4. As shown in Fig. 30, a conventional one-component development unit 401 uses a usual one-component devel- 
oper such that a one-component developer composed of toner is used to develop an electrostatic latent image 

40 formed on the surface of a latent-image carrier. In the development unit 401 , toner serving as the one-component 
developer in the toner-accommodating portion 402 is moved to a toner supply roller 404 by a toner-carrying mem- 
ber 403. Then, toner T is supplied to a developer carrier 405 by a toner supply roller 404 so as to be held on the 
surface of the developer carrier 405. Then, toner T on the developer carrier 405 is formed into a uniform thin layer 
and uniformly electrified by a toner-regulating blade 406 so as to be moved to the latent-image carrier 407. Toner 

45 T is used to develop an electrostatic latent image on the latent-image carrier 407 so as to be visualized. 

Toner T for use in the conventional and usual development unit 401 is allowed to pass through a space 
between the developer carrier 405 and the toner-regulating blade 406 so as to be moved to the latent-image carrier 
407 when toner T on the developer carrier 405 is formed into the uniform thin layer and uniformly electrified by the 
toner-regulating blade 406. 

so When the developer carrier 405 in a state in which the toner-regulating blade 406 has been made contact with 

the developer carrier 405 is rotated at high speed to obtain a large amount of image at high speed by the one-com- 
ponent development method, a portion of toner T cannot pass through the space between the developer carrier 405 
and the toner-regulating blade 406. as shown in Fig. 31 . The portion of toner T is sometimes and undesirably fixed 
to a contact portion (hereinafter called a "nip portion") 406a of the toner-regulating blade 406 in which the toner- 

55 regulating blade 406 is made contact with the developer carrier 405. The fixed toner T causes unevenness to 
occur during the process of the developer carrier 405 to move toner. Therefore, the conventional one-component 
development method encounters frequent occurrence of unevenness of the density of a formed image in a form of 
a longitudinal stripe. * 
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Toner T must pass through the space between the developer carrier 405 and the toner-regulating blade 406 so 
as to be formed into a uniform thin layer and uniformly electrified. Then, toner T is moved to the latent-image carrier 
407. To achieve this, toner T must have satisfactory fluidity and excellent electrification characteristic. Therefore, as 
shown in Fig. 11, conventional toner T has a constitution that external additives 13 composed of silica (SiOg) are 
allowed to adhere to the surfaces of mother particles 12 composed of a resin. Thus, the required fluidity and elec- 
trification characteristic have been obtained. 

The particle sizes of particles of toner T, however, vary considerably. Moreover, adhesion of the external addi- 
tives 13 to the mother particles 12 is not always uniformly and sufficiently performed. Hence it follows that toner T 
having unsatisfactory fluidity and electrification characteristic is formed. If toner T of the foregoing type is moved to 
the nip portion 406a of the toner-regulating blade 406, also toner T of the foregoing type cannot pass through the 
space between the developer carrier 405 and the toner-regulating blade 406. As a result, toner T is undesirably 
fixed to the nip portion 406a of the toner-regulating blade 406. Thus, the fixed toner T causes unevenness to occur 
in moving toner T as described above. As a result, unevenness in the density of the image in the form of a longitu- 
dinal stripe takes place. 

Therefore, a development unit has been disclosed in Japanese Patent Laid-Open No. 6-11 879, which is con- 
stituted such that a film-thickness-regulating member made contact with a rotative developer carrier which carries 
toner is worn owning to friction with the developer carrier before toner is fixed. Thus, it is attempted to prevent fix- 
ation of toner to the film-thickness-regulating member. 

The disclosed development unit enables the portion of the film-thickness-regulating member, to which toner 
will be fixed, to be removed before the fixation of toner. As a result, fixation of toner hardly occurs. 

The development -unit disclosed as described above and constituted such that the film-thickness-regulating 
member is worn encounters limitation for use of the film-thickness-regulating member. As a result, the development 
unit cannot easily be used for a long time. That is, there arises a problem in that the durability of the development 
unit is unsatisfactory. 

The development unit disclosed as described above requires the film-thickness-regulating member having a 
special shape and made of a special material. In addition, the film-thickness-regulating member is brought into con- 
tact with the developer carrier when the film-thickness-regulating member has been worn. Therefore, the film-thick- 
ness-regulating member must be pressed against the developer carrier by a pressing member. As a result, there 
arises a problem in that the film-thickness-regulating member has a too complicated structure and cost cannot eas- 
ily be reduced » 

Moreover, control is required such that pressing of the film-thickness-regulating member by means of the 
pressing member is performed substantially uniformly It leads to a fact that the structures of the film-thickness-reg- 
ulating member and the pressing member are excessively complicated. Thus, there arises a problem in that the 
foregoing members cannot easily be manufactured. Since the film-thickness-regulating member must have a spe- 
cial shape and a special material and the pressing member is required, the foregoing structure cannot easily be 
applied to the conventional development unit. Therefore, there arises a problem in that general versatility cannot be 
realized. 

5. The reason why the above-described fixation of toner T to the developer-regulating member 406 occurs is con- 
sidered as follows. Toner T. in which the concentration of the external additives 13 is lower than a predetermined 
concentration, which has a low coverage of external additives and which has a small particle size is, by physical 
adhesive force, allowed to adhere to a contact portion between the developer-regulating member 406 and the 
developer carrier 405. Then, toner T is repeatedly slides and rubbed between the developer-regulating member 
406 and the developer carrier 405 which moves at high speed. Thus, thermomechanical stress is exerted on toner 
T Toner T having a low coverage of the external additives and a small particle size has a problem in that thermal 
deformation easily occurs because its thermal capacity is reduced according to the small volume. Moreover, move- 
ment caused from flow of toner does not easily occur because the coverage of the external additives is low. There- 
fore, when thermomechanical stress is, from outside, exerted on toner T having the low coverage of external 
additives is low and a small particle size, toner T cannot disperse the stress to the surrouncfing portions. Therefore, 
toner T is undesirably deformed. As a result, toner T having the deformed shape is joined to adjacent toner and the 
surface of the developer-regulating member 406. Thus, fixation of toner T occurs. 

Fixed toner T causes unevenness in the movement of toner similarly to the foregoing description. Thus, une- 
venness in the density of the images in the form of a longitudinal stripe takes place. 

6. A conventional image forming apparatus of conventional type encounters a fact that the gradation expression is 
improved as the particle size of toner is reduced. Thus, the image quality can be improved, causing the resolution 
of a developed image on the OPC to be improved. On the other hand, a transferred image transferred from the OPC 
to the transfer member encounters a fact that the resolution realized by transfer excessively deteriorates as the par- 
ticle size of toner is reduced. 
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[0002] A mono-color image forming apparatus, which is attempted to be capable of obtaining a transferred image hav- 
ing a high resolution even if the particle size of toner is reduced, has been suggested in Japanese Patent Laid-Open 
No. 3-1 70979. The image forming apparatus disclosed as described above is constituted to directly press transfer paper 
against a toner image developed on the OPC. Thus, the toner image is physically transferred on the transfer paper. As 
5 a result, flying and retention from transfer can be reduced to improve the efficiency in transferring. Thus, a transferred 
image having a high resolution can be obtained. 

[0003] The reduction in the particle size of toner, however, causes its fluidity to deteriorate. As the fluidity of toner 
deteriorates, missing of an intermediate portion of a characteristic or a line occurs. 

[0004] Therefore, the foregoing disclosure has disclosed a technique that toner is covered with silica (for example, 
10 mother particles of toner are added and covered with external additives (SiOa) as shown in Fig. 1 1 in spite of omission 
from the disclosure) to improve the fluidity of toner. Tests were performed to measure change in the fluidity and that in 
the ratio of missing of an intermediate portion in a line having a thickness of 300 nm when the amount of silica, which 
is added to toner having a particle size of 7 p,m, has been changed from 0.2 wt% to 2.0 wt%. When the amount of silica, 
which is added, is made to be 0.4 wt% or larger, the ratio of missing of an intermediate portion can be lowered to be 
15 5% or lower. As a result, missing of an intermediate portion cannot be recognized as a defective image by the unaided 
eyes. Thus, an image exhibiting excellent gradient and sharpness can be obtained. 

[0005] Full color image forming apparatuses, such as color printers, have been developed in recent years. Fig. 41 is 
a schematic view showing an intermediate transfer type color printer which is an example of a conventional full color 
image forming apparatus. 

20 [0006] Referring to Fig. 41 , in the color printer 601 , a print command signal (an image forming signal) supplied from 
a computer (not shown) is supplied to a control unit (not shown) of the color printer 601. As a result, rotations of the 
following units in predetermined directions are performed: an OPC 602, development units 603, 604, 605 and 606 for 
developing corresponding colors (yellow, magenta, cyan and black) (the order of the development units corresponding 
to the foregoing colors is arbitrarily), development rollers 603a, 604a, 605a and 606a which are toner carriers and an 

25 intermediate transfer medium (a drum may be substituted for an illustrated transfer belt) 607. Then, the outer surface of 
the OPC 602 is uniformly electrified to surface potential of V 0 by an electrifying roller 608 arranged to apply voltage V a . 
[0007] Then, selective exposure to the outer surface of the OPC 602, which has uniformly been electrified, in accord- 
ance with image information of yellow, which is a first color, is performed by an exposing unit. Thus, an electrostatic 
latent image in yellow is formed. Then, only a development roller 603a of a development unit 603 for yellow is brought 

30 into contact with the OPC 602. Moreover, toner is electrified with development bias voltage V b of the development roller 
603a so as to be moved to the OPC 602. Therefore, an electrostatic latent image for yellow on the OPC 602 is devel- 
oped with toner so that a yellow toner image is formed on the OPC 602. The yellow toner image formed on the OPC 
602 is primarily be transferred to the intermediate transfer medium 607 so that a yellow toner image is formed. At this 
time, a secondary transfer roller 607a and a cleaning blade 609 are brought to a state in which they are positioned apart 

35 from the intermediate transfer medium 607. 

[0008] Residual toner T is left on the OPC 602 after the primary transfer of the yellow toner image has been com- 
pleted. Residual toner T is removed by a cleaning blade 610 of the OPC 602 so as to be gathered in a residual toner 
box 61 1 . Then, the OPC is destatidzed by destaticizing light. Then, the exposing unit is again operated to perform 
selective exposure in accordance with image information of magenta which is a second color. Then, the development 

40 roller 603a of the development unit 603 is moved apart from the OPC 602. Moreover, only the development roller 604a 
of the development unit 604 is brought into contact with the OPC 602. As a result, an electrostatic latent image for 
magenta on the OPC 602 is developed so that a magenta toner image is formed on the OPC 602. Similarly to the proc- 
ess for forming the yellow image, the magenta toner image is primarily transferred to the intermediate transfer medium 
607 so that a magenta toner image is formed. Then, residual toner on the OPC 602 is removed by the cleaning blade 

45 610. Moreover, the OPC 602 is destaticized. Then, similar operations are performed for cyan, which is a third color and 
black which is a fourth color. Thus, the four colors are matched on the intermediate transfer medium 607 so that toner 
image in four colors is formed on the intermediate transfer medium 607. 

[0009] After the toner image in the four colors has been formed on the intermediate transfer medium 607 owning to 
the primary transfer, the secondary transfer roller 607a is pressed against the intermediate transfer medium 607. Thus, 

so the toner image in the four colors on the intermediate transfer medium 607 is transferred to the transfer member 612. 
Moreover, a cleaning blade 609 for the intermediate transfer medium 607 is brought into contact with the intermediate 
transfer medium 607. Then, residual toner V left on the intermediate transfer medium 607 after the secondary transfer 
of the toner image to the transfer member 61 2 is remove by the cleaning blade 609. Similarly to the process for cleaning 
the OPC 602. residual toner T is gathered in a residual toner box (not shown). 

55 [0010] The toner image in the four colors formed on the transfer member 612 owning to the secondary transfer is 
allowed to pass through a fixing unit 61 3. Thus, the toner image is fixed to the surface of the transfer member 612. Then, 
paired discharge rollers (not shown) are rotated to discharge and accommodate the transfer member 612 having the 
fixed toner image in a case. Thus, a full color image is formed on the transfer member 612 by the color printer 601. 
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[0011] The transferring operation which is performed by the full color printer 601 encounters a problem in that une- 
venness in color occurs owning to missing of an intermediate portion when multilayered toner in the form of superim- 
position of four colors. In general, unevenness in color occurring owning to the missing of an intermediate portion can 
somewhat be obtained by enlarging the thickness of each color. However, the amount of exhaust toner is enlarged own- 
5 ing to residue from transfer. Thus, there arises a problem in that the cost cannot be reduced owning to wasteful use of 
toner. 

[001 2] Also the full color printer 601 may be constituted such that silica is added by 0.4 wt% or greater to overcome 
the problem of missing of an intermediate portion as disclosed in the foregoing disclosure. If rough paper is employed 
as the transfer member 612, simple increase in the amount of silica cannot overcome the problem of unevenness in 
w color occurring owning to missing of an intermediate portion when transfer to the rough paper is performed. 

[0013] Toner of a type coated with the external additive-synchronized toner in a sufficiently large amount encounters 
deterioration of toner after toner has been used for a long time. As a result, there arise problem in that transfer efficiency 
deteriorates and that stable color development cannot be performed. 

[0014] As described above, the conventional image forming apparatus has been suffered from difficulty in efficiently 
is transferring toner in the foregoing colors and stabilizing the color development in both of short time and long time 
aspects depending on the type of the transfer member 612 including rough paper. 

[001 5] It is, therefore, the object of the present invention to provide a toner, a development unit and an image forming 
apparatus using the same which overcome the drawbacks of the prior art products. This object is solved by the toner 
according to independent claims 1 . 4, 7, 8, 22, 24 and 25, the development unit according to independent claims 1 7, 19 
20 and 23, and the image forming apparatus according to independent claims 5, 6, 15. 16. 27 and 28. 

[0016] Further advantageous features, aspects and details of the invention are evident from the dependent claims, 
the description and the drawings. The claims are to be understood as a first non-limiting approach to define the inven- 
tion in general terms. 

[001 7] A first aspect of the present invention relates to a technical field of a toner for developing an electrostatic latent 
25 image formed on a latent-image carrier and a technical field of an image forming apparatus arranged to transfer a devel- 
oped image obtained by developing the electrostatic latent image positioned on the latent-image carrier to a transfer 
member, such as paper, and fixing the transferred image positioned on the transfer member. More particularly, the first 
aspect of the present invention relates to a technical field of a toner which exhibits satisfactory fluidity and electrification 
characteristic and a technical field of an image forming apparatus constituted to remove residual toner left on a latent- 
30 image carrier by performing a cleaning process. 

[0018] A second aspect of the present invention relates to a technical field of a toner for developing an electrostatic 
latent image formed on a latent-image carrier and a technical field of an image forming apparatus arranged to transfer 
a developed image obtained by developing the electrostatic latent image positioned on the latent-image carrier to a 
transfer member, such as paper, and fixing the transferred image positioned on the transfer member. More particularly. 
35 the second aspect of the present invention relates to a technical field of a toner which exhibits satisfactory fluidity and 
electrification characteristic and a technical field of an image forming apparatus constituted to prevent adhesion of the 
transfer member to a fixing unit during a fixing process. 

[001 9] A third aspect of the present invention relates to a technical field of a toner for developing an electrostatic latent 
image formed on a latent-image carrier and a technical field of a development unit for causing a toner carrier to carry 
40 toner to move toner to a latent-image carrier and developing the electrostatic latent image on the latent-image carrier 
with toner. More particularly, the present invention relates to a technical field of a toner having excellent fluidity and an 
electrification characteristic and a technical field of a development unit equipped with a toner-regulating member for 
forming a uniform thin layer on the toner carrier and performing uniform electrification toner. 

[0020] A fourth aspect of the present invention relates to a technical field of a development unit for causing a toner 
45 carrier to carry a toner to move the same to the latent-image carrier so as to develop an electrostatic latent image on 
the latent-image carrier with the moved toner. More particularly, the present invention relates to a technical field of a 
development unit equipped with a toner-regulating member for forming a uniform thin layer of a toner in which a plurality 
of external additives adhere to a plurality of mother particles. 

[0021 ] A fifth aspect of the present invention relates to a technical f ield off a toner for developing an electrostatic latent 
so image on a latent-image carrier and a technical field of a development unit for causing a toner carrier to carry a toner 
to move the same to a latent-image carrier and developing the electrostatic latent image on the latent-image carrier with 
the moved toner. More particularly, the present invention relates to a technical field of a toner having excellent fluidity 
and an electrification characteristic and a technical field for a development unit equipped with a toner-regulating mem- 
ber for forming a uniform thin layer on the toner carrier and performing uniform electrification of the toner. 
55 [0022] A sixth aspect of the present invention relates to a technical field of a toner for developing an electrostatic latent 
image on a latent-image carrier (hereinafter called an "OPC") and a technical field of an image forming apparatus 
arranged to transfer a toner image obtained by developing the electrostatic latent image on the OPC with the toner to a 
transfer member such as paper. More particularly, the present invention relates to a technical field of a toner which 



7 



BNSDOCID: <EP 0977092A2_I_> 



EP0977 092 A2 



makes it possible to efficiently transfer a toner image even with respect to a transfer member such as rough paper, to 
which an image cannot easily be transferred, and to stabilize a toner image on the transfer member in both of short time 
and long time aspects, and a technical field of an image forming apparatus using the toner. 

[0023] In view of the foregoing, the present invention, in a first aspect, provides a toner which is capable of further- 
5 more reliably preventing occurrence of filming and furthermore elongating the lifetime thereof. 

[0024] Another aspect of the present invention is to provide an image forming apparatus which is capable of prevent- 
ing liberation of external additives from toner during contact development and contact transfer so as to be capable of 
furthermore preventing occurrence of filming. 

[0025] In another aspect, the present invention provides a toner which is capable of furthermore reliably preventing 
10 occurrence of offset and furthermore elongating the lifetime thereof by preventing liberation or external additives from 
mother particles which occurs during contact development and contact transfer. 

[0026] Another aspect of the present invention is to provide an image forming apparatus which is capable of prevent- 
ing adhesion of a transfer member to a fixing unit by preventing occurrence of offset. 

[0027] In still another aspect, the present invention provides a toner having further improved fluidity and electrification 
15 characteristic regardless of the particle size. 

[0028] Another aspect of the present invention is to provide a development unit incorporating a toner-regulating mem- 
ber which is able to form a uniform thin layer of toner and uniformly electrify toner and which is capable of preventing 
formation of movement stripe. 

[0029] In a fourth aspect, the present invention provides a development unit which is capable of effectively preventing 
20 fixation of a toner to a toner-regulating member to prevent occurrence of unevenness in movement of the toner in the 
form of a longitudinal stripe and obtaining excellent image quality for a long time and which requires a simple structure 
and the cost of which can be reduced. 

[0030] In a fifth aspect the present invention provides a toner having improved f luidization and an electrification char- 
acteristic. 

25 [0031 ] Another aspect of the present invention is to provide a development unit which is capable of preventing fixation 
of toner to a toner-regulating member and preventing occurrence of unevenness in the movement of the toner. 
[0032] In another aspect, the present invention provides a toner which enables efficient multilayer transfer free from 
missing of an intermediate portion to be performed such that only a smallest amount of the toner is required and stable 
color development is permitted in both of short time and long time aspects and an image forming apparatus using the 

30 toner. 

[0033] Other aspects and effects of the present invention will become apparent from the following description. 
[0034] The first aspect of the present invention mainly relates to the following items 1) to 6). 

1) A toner comprising: 

35 

a plurality of mother particles; and 

a plurality of external additive particles to be attached to said mother particles, said external additive particles 
including external additive particles attached to said mother particle and external additive particles liberated 
from said mother particles, 

40 wherein an inclination (particle sizes of said external additives/particle sizes of said mother particles) of an 

approximation straight line obtained by approximating distribution of particle sizes of said external additives 
with respect to the particle sizes of said mother particles by a least-square method is not larger than 0.6. 

2) The toner according to the above 1), the proportion of the number of said external additive particles liberated 
45 from said mother particles is not higher than 5% based on the number of the entire toner particles. 

3) The toner according to the above 1) or 2), wherein a value obtained by dividing the average of the equivalent 
particle sizes of said external additive particles attached to said mother particle with the average of the equivalent 
particle sizes of the entire external additive particles is larger than 1 . 

4) A toner comprising : 

50 

a plurality of mother particles; and 

a plurality of external additive particles to be attached to said mother particles, said external additive particles 
including external additive particles attached to said mother particle and external additive particles liberated 
from said mother particles, 

55 wherein a value obtained by dividing the average of the equivalent particle sizes of said external additive par- 

ticles attached to said mother particle with the average of equivalent particle sizes of the entire external addi- 
tive particles is larger than 1 . 
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5) An image forming apparatus comprising: 

a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step, 
wherein said toner is a toner according to any one of the above 1) to 3). 

6) An image forming apparatus comprising: 



a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 
15 a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 

said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step, 
wherein said toner is a toner according to the above 4). 

20 

The second aspect of the present invention mainly relates to the following items 7) to 16). 
7) A toner comprising: a plurality of mother particles; and a plurality of external additive particles to be attached to 
said mother particles, and including toner particles comprising said mother particle having attached thereto said 
25 externa! additive particles and toner particles comprising said mother particle not having attached thereto said 
external additive particles, 

wherein an inclination (particle sizes of said external additive particles/particle sizes of said mother particles) of an 
approximation straight line obtained by approximating distribution of particle sizes of said external additive particles 
with respect to the particle sizes of said mother particles by a least-square method is not smaller than 0.4. 
30 8) A toner comprising: a plurality of mother particles; and a plurality of external additive particles to be attached to 
said mother particles, and including toner particles comprising said mother particle having attached thereto said 
external additive particles and toner particles comprising said mother particle not having attached thereto said 
external additive particles, 

wherein a value obtained by dividing the average of the equivalent particle sizes of said toner particles each com- 
35 prising said mother particle having attached thereto said external additive particles with the average of the equiva- 
lent particle sizes of the entire toner particles is larger than 1 . 

9) The toner according to the above 7), wherein a percentage of the number of said toner particles each comprising 
said mother particle having attached thereto said external additive particles and the number of the entire toner par- 
ticles is not lower than 60%. 

40 1 0) The toner according to the above 8). wherein a percentage of the number of said toner particles each compris- 
ing said mother particle having attached thereto said external additive particles and the number of the entire toner 
particles is not lower than 60%. 

11) The toner according to the above 7) or 8), wherein said mother particles and said external additive particles 
have polarities different from each other. 
45 12) The toner according to the above 9), wherein said mother particles and said external additive particles have 
polarities different from each other. 

13) The toner according to the above 11), wherein the polarity of said mother particles is positive, and the polarity 
of said external additive particles is negative. 

14) The toner according to the above 12), wherein the polarity of said mother particles is positive, and the polarity 
so of said external additive particles is negative. 

15) An image forming apparatus comprising: 

a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 
55 a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 

said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a fixing unit for fixing the transferred image positioned on said latent-image carrier. 



9 



BNSDOCID: <EP 0977092A2_L> 



EP 0 977 092 A2 



wherein said toner is a toner according to the above 7). 

16) An image forming apparatus comprising: 

5 a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
10 a fixing unit for fixing the transferred image positioned on said latent-image carrier, 

wherein said toner is a toner according to any one of the above 8) to 14). 

The third aspect of the present invention mainly relates to the above item 8) and the following items 17) and 

is 18). 

17) A development unit comprising: 

a toner; 

a toner carrier for carrying said toner; 
20 a toner supply member for supplying toner to said toner carrier; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier, 

wherein said toner is a toner according to the above 8). 

25 18) The development unit according to the above 17), further comprising a bias voltage apply member disposed 
between said toner carrier and said toner supply member and arranged to apply bias voltage in a direction in which 
toner is moved from said toner supply member to said toner earner owning to the difference in the potential. 
The fourth aspect of the present invention mainly relates to the following items 19) to 21). 

19) A development unit comprising: 

30 

a toner; 

a toner carrier for carrying said toner; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier, 

35 wherein said toner comprises: a plurality of mother particles; and a plurality of external additive particles to be 

attached to said mother particles, and including: toner particles having an external additive concentration not 
lower than a predetermined concentration; and toner particles having an external additive concentration lower 
than a predetermined concentration 

wherein said toner has a proportion of the number of said toner particles having an external additive concen- 
40 tration lower than a predetermined concentration based on the number of the entire toner particles of not 

higher than 30%, and 

wherein said toner-regulating member comprises a soft elastic member. 

20) The development unit according to the above 1 9), wherein said elastic member is a rubber or elastomer having 
45 an impact resilience of not lower than 10%. 

21) The development unit according to the above 19) or 20), wherein when said toner-regulating member is used 
to contact with said toner with the edge thereof, said soft elastic member has a rubber hardness of 60 or lower, and 
when said toner-regulating member is used to contact with said toner with the body thereof, said soft elastic mem- 
ber has a rubber hardness of 30 or lower. 

so The fifth aspect of the present invention mainly relates to the following items 22) and 23). 

22) A toner comprising: a plurality of mother particles; and a plurality of external additive particles to be attached to 
said mother particles, and including: toner particles having an external additive concentration not lower than a pre- 
determined concentration; and toner particles having an external additive concentration lower than a predeter- 
mined concentration, 

55 wherein said toner satisfy the following relationship: 

D1/D2 < 2 



10 



BNSDOCID: <EP. 



0977092A2J_> 



EP 0 977 092 A2 

wherein D1 represents the average of the equivalent particle sizes of the entire toner particles and D2 represents 
the average of the equivalent particle sizes of said toner particles having an external additive concentration lower 
than a predetermined concentration. 
23) A development unit comprising: 

5 

a toner; 

a toner carrier for carrying said toner; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier, 
10 wherein said toner is a toner according to the above 22). 



75 



25 



55 



The sixth aspect of the present invention mainly relates to the following items 24) to 28). 
24) A toner comprising: 



a plurality of mother particles; and 

a plurality of external additive particles to be attached to said mother particles, said external additive particles 
including external additive particles attached to said mother particle and external additive particles liberated 
from said mother particles, 

20 wherein an inclination (particle sizes of said external additives/fc>article sizes of said mother particles) of an 

approximation straight line obtained by approximating distribution of particle sizes of said external additives 
with respect to the particle sizes of said mother particles by a least-square method is not smaller than 0.4, and 
wherein the content of said liberated external additive particles is not lower than 1.0 wt% based on the total 
weight of said toner. 



25) A toner comprising: 



a plurality of mother particles; and 

a plurality of external additive particles to be attached to said mother particles, said external additive particles 
30 including external additive particles attached to said mother particle and external additive particles liberated 

from said mother particles, 

wherein said liberated external additive particles have a volume-based mean particle size of not smaller than 
1.5 jim. 

35 26) The toner according to the above 25), wherein said liberated external additive particles have a cumulative rel- 
ative frequency value D50 of not lower than 1.5 V in case where the volume-based particle size of said liberated 
external additive particles is expressed with cubic-root voltage. 

27) An image forming apparatus comprising: 

40 a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image on said latent-image carrier with said toner; 
and 

a transfer unit for transferring said developed image on said latent-image carrier, 
45 wherein said toner is a toner according to the above 24). 

28) An image forming apparatus comprising: 
a toner; 

so a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image on said latent-image carrier with said toner; 

and 

a transfer unit for transferring said developed image on said latent-image carrier, 
wherein said toner is a toner according to the above 25) or 26). 



[0035] The above mentioned and other features of the present invention and the invention itself will be better under- 
stood by reference to the following detailed description of preferred embodiments of the invention, when considered in 
conjunction with the accompanying drawings, in which: 
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Figs. 1(a) and 1(b) are diagrams showing an example of a conventional toner analyzing method for analyzing a 
state of adhesion between mother particles and external additives of toner according to an embodiment of the 
present invention. 

Fig. 2 is a diagram showing equivalent particles and equivalent particle sizes for use in the toner analyzing method 
5 shown in Fig. 1 . 

Fig. 3 is a graph showing results of analysis performed with the toner analyzing method shown in Fig. 1. 
Fig. 4 is a diagram showing an approximation straight line for use to constitute toner according to the present inven- 
tion in accordance with results of analysis shown in Fig. 3. 

Fig. 5 is a graph showing results of image forming tests using toner according to the embodiment of the present 
10 invention and toner not according to the embodiment. 

Fig. 6 is a normal distribution graph of particle sizes of toner according to the embodiment of the present invention 
and obtained from results of analysis shown in Fig. 4. 

Fig. 7 is a graph showing results of image forming tests using toner shown in Fig. 6 and toner other than that shown 
in Fig. 6. 

75 Fig. 8 is a normal distribution graph of particle sizes of toner according to another example of the embodiment of 
the present invention and obtained from results of analysis shown in Fig. 4. 

Fig. 9 is a graph showing image forming tests using toner shown in Fig. 8 and toner other than that shown in Fig. 8. 
Fig. 10 is diagram schematically showing a conventional image forming apparatus equipped with a cleaning mem- 
ber. 

20 Fig. 1 1 is a diagram showing a toner particle having external additives allowed to adhere to a mother particle. 

Fig. 1 2 is a diagram showing filming which occurs when an image has been formed by the image forming apparatus 
shown in Fig. 10 by using conventional toner. 

Fig. 13 is a diagram showing an approximation straight line for use to constitute toner according to the present 
invention in accordance with results of analysis shown in Fig. 3. 
25 Fig. 14 is a graph showing results of image forming tests using toner according to the embodiment of the present 
invention and toner not according to the embodiment. 

Fig. 15 is a normal distribution graph of particle sizes of toner according to the embodiment of the present invention 
and obtained from results of analysis shown in Fig. 13. 

Fig. 16 is a normal distribution graph showing particle sizes of toner other than that shown in Fig. 15. 
30 Fig. 17 is a graph showing results of image forming tests using toner shown in Fig. 15 and toner other than that 
shown in Fig. 15. 

Fig. 18 is a normal distribution graph of particle sizes of toner according to another example of the embodiment of 
the present invention and obtained from results of analysis shown in Fig. 13. 

Fig. 19 is a graph showing image forming tests using toner shown in Fig. 19 and toner other than that shown in Fig. 
35 18. 

Fig. 20 is diagram schematically showing a full-color and tandem type image forming apparatus which is an exam- 
ple of a conventional image forming apparatus. 

Fig. 21 is a diagram showing winding of transfer paper around a heating member which occurs when an image has 
been formed with conventional toner by the image forming apparatus shown in Fig. 20. 
40 Fig. 22 is a normal distribution graph showing distribution of particle sizes of toner according to an embodiment of 
the present invention. 

Fig. 23 is a normal distribution graph showing distribution of particle sizes of toner not according to the embodiment 
shown in Fig. 23. 

Fig. 24 is a graph showing results of development tests using toner according to the embodiment shown in Fig. 22 
45 and toner according to the embodiment shown in Fig. 23. 

Fig. 25 is a schematic view showing another embodiment of a development unit external additives to the present 
invention. 

Fig. 26 is a schematic view showing a conventional development unit including a developer carrier and a toner-reg- 
ulating blade. 

so Fig. 27 is a diagram showing retention toner and movement stripes which occurrence when development is per- 
formed by the development unit shown in Fig. 8 by using conventional toner particles. 

Fig. 28 is a normal distribution graph of particle sizes of toner according to the embodiment of the present invention 
and obtained from results of analysts shown in Fig. 1 . 

Fig. 29 is a diagram showing a portion of the embodiment of the development unit according to the present inven- 
55 tion. in which Fig. 29(a) is a diagram showing a developer-regulating member and Figs. 29(b) and 29(c) are dia- 
grams showing the operation of the developer-regulating member. 

Fig. 30 is a schematic view showing a conventional one-component development unit including a developer carrier 
and a toner-regulating blade. • 
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Fig. 31 is a diagram showing fixation of toner to the toner-regulating blade and unevenness in the movement of 
toner which occur when development is performed by the development unit shown in Fig. 30 by using conventional 
toner particles. 

Fig. 32 is a normal distribution graph showing distribution of particle sizes of toner in accordance with the results 
5 of analysis of toner shown in Fig. 1 . 

Fig. 33 is a graph showing results of analysis obtained by the toner analyzing method shown in Fig. 1 and an 
approximation straight Line for use to constitute toner according to the present invention. 

Fig. 34 is a bar graph showing the number of counted asynchronous external additives with respect to the equiva- 
lent particle sizes (cube-root voltage) of asynchronous external additives. 
10 Fig. 35 is a bar graph showing results of tests of sample (1) and corresponding to Fig. 34. 

Fig. 36 is a distribution graph showing the equivalent particle sizes of toner particles shewing results of tests of 
sample (1) and corresponding to Fig. 33. 

Fig. 37 is a bar graph showing results of tests of sample (2) and corresponding to Fig. 34. 

Fig. 38 is a distribution graph showing the equivalent particle sizes of toner particles showing results of tests of 
75 sample (2) and corresponding to Fig. 33. 

Fig. 39 is a bar graph showing results of tests of sample (3) and corresponding to Fig. 34. 

Fig. 40 is a distribution graph showing the equivalent particle sizes of toner particles showing results of tests of 
sample (3) and corresponding to Fig. 33. 

Fig. 41 is a schematic view showing an example of a conventional image forming apparatus equipped with a clean- 
20 ing member. 

[0036] Referring to the drawings, an embodiment of the present invention will now be described. 
[0037] Fig. 1 is a diagram showing an example of a conventional method of analyzing toner for use ina process for 
analyzing a state of adhesion between mother particles and external additives of toner according to an embodiment of 
25 the present invention. 

[0038] A state of adhesion between the mother particles and the external additives of toner T according to this embod- 
iment must be analyzed. Toner T according to this embodiment is analyzed by a toner analyzing method disclosed in 
"New Method of Analyzing Additive, Analysis of Toner by Particle Analyzer, Toshiyuki Suzuki and Sumio Takahara, col- 
lection of "Japan Hardcopy *97", (95-th) annual meeting of Electrophotography Association, sponsored by Electropho- 

30 tography Association, July 9 to 1 1 , 1 997. 

[0039] The foregoing toner analyzing method is an element analyzing method having the steps of introducing, into 
plasma, particles of toner T obtained by allowing external additives comprising silica (SiOa) to adhere to the surfaces 
of mother particles comprising a resin to excite particles of toner T; and obtaining emission spectrum as shown in Fig. 
1 realized owning to the excitation. 

35 [0040] An axis of abscissa of the graph shown in Fig. 1 showing emission spectrum stands for time axis. As shown in 
Fig. 1(a), introduction of particles of toner T having external additives allowed to adhere to mother particles of toner T 
made of a resin into plasma causes both of the mother particles and the external additives to emit light. Since the 
mother particles and the external additives are simultaneously introduced into plasma, the mother particles and the 
external additives simultaneously emit light. The state in which the mother particles and the external additives simulta- 

40 neously emit light is a state in which the mother particles and the external additives are synchronized with each other. 
Namely, the state in which the mother particles and the external additives are synchronized with each other is a state 
in which the external additives are allowed to adhere to the mother particles. 

[0041] In a state as shown in Fig. 1(b) in which the mother particles to which the external additives are not allowed 
and the external additives liberated from the mother particles are introduced into plasma, both of the mother particles 
45 and the external additives emit light similarly to the foregoing case. At this time, the mother particles and the external 
additives are introduced into plasma at different time. Therefore, the mother particles and the external additives emit 
light at different times (rf the mother particles are introduced into plasma prior to the introduction of the external addi- 
tives, the mother particles first emit light, and then the external additives emit light). 

[0042] The foregoing state in which the mother particles and the external additives emit light at different times is a 
so state in which the mother particles and the external additives are not synchronized with each other (that is, an asyn- 
chronous state). Namely, the state in which the mother particles and the external additives are asynchronous with each 
other is a state in which the external additives are not allowed to adhere to the mother particles. 
[0043] Referring to Fig. 1 , the height of the light emission signal indicates the intensity of emitted light. The intensity 
of emitted light does not concern the size and shape of the particles. The intensity is in proportion to the number of 
55 atoms (C and SiO£ of the elements contained in the particles. To indicate the intensity of emitted light of each element 
with the size of the particles, a particle of a pearl composed of only the contact and the external additives is assumed 
when light emission of the mother particles and the external additives has occurred as shown in Fig. 2. Thus, the par- 
ticle size of the pearl is used to indicate the particle size of each of the mother particles and the external additives. The 
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particle of the pearl is called an equivalent particle, and the particle size of the equivalent particle is called an equivalent 
particle size. Since the external additives having very small sizes cannot individually be detected, the detected light 
emission signals of the externa! additives are integrated to be converted into one equivalent particle so as to be ana- 
lyzed. 

[0044] As described below, toner T according to the present invention comprises at least mother particles and exter- 
nal additive particles. The mother particles comprise at least a resin, which comprises at least carbon atoms as a con- 
stituting element. Therefore, the light emission spectrum attributed to carbon atoms is detected to evaluate the mother 
particles. On the other hand, the external additive comprises fine particles of a metal oxide, metal carbide, a metal 
nitride or metal salt. In the case of Si0 2 . for example, light the light emission spectrum attributed to Si is detected to 
evaluate the external additive. 

[0045] When the equivalent particle size of the equivalent particle obtained from the emission spectrum of each of 
the mother particles and the external additives is plotted for each particle of toner T, a graph showing the distribution of 
equivalent particle sizes of the toner particles as shown in Fig. 3 can be obtained. 

[0046] The graph shown in Fig. 3 has an axis of abscissa which stands for equivalent particle sizes of the mother par- 
ticles and an axis of ordinate which stands for equivalent particle sizes of the external additives. The equivalent particles 
indicated on the axis of abscissa represent asynchronous mother particles to which the external additives are not 
allowed to adhere. On the other hand, the equivalent particles indicated on the axis of ordinate represent asynchronous 
external additives liberated from the mother particles. Equivalent particles deviated from the axis of abscissa and the 
axis of ordinate indicate synchronized toner T having the external additives allowed to adhere the mother particles. 
[0047] Thus, a state of adhesion of the external additives to the mother particles of toner T is analyzed. 
[0048] Toner T for use in the image forming apparatus according to this embocfiment may be negative-polarity or pos- 
itive-polarity toner. The mother particles comprises at least a coloring material and resin. Moreover, an electrification- 
controlling agent a dispersant, a lubricant (Wax), a magnetic material and other additives may be added. 
[0049] The resin constituting the mother particles may be selected from: polystyrene and copolymers thereof, for 
example, hydrogenated styrene resin, styrene-isobutyrene copolymer, ABS resin. ASA resin, AS resin, AAS resin, ACS 
resin. AES resin. styrene-P-chlorostyrene copolymer, styrene-propylene copolymer, styrene-butadiene crosslinked pol- 
ymer, styrene-butadiene-chlorinated paraffin copolymer, styrene-allyl-alcohol copolymer, styrene-butadiene emulsion, 
styrene-maleate copolymer, styrene-isobutylene copolymer, styrene-maleic anhydride copolymer; acrytate resins and 
methacrylate resins and their copolymers; styrene-acrylic resins and their copolymers, for example, styrene-acryl 
copolymer, styrene-diethylamino-ethylmethaacrylate copolymer, styrene-butadiene-acrylic ester copolymer, styrene- 
methylmethaacryiate copolymer, styrene-n-butylacrylate copolymer, styrene-methylmethaacrylate-n-butylmethaacr- 
ylate copolymer, styrene-methylmethaacrylate-butyiarylate-N-(ethoxymethyl) acrylarrode copolymer, styrene-glycidyl- 
methaacrylate copolymer, styrene-butadiene-dimethyl-aminoethylmethaacrylate copolymer, styrene-acrylic ester- 
maleate copolymer, styrene-methyl methaacrylate-acrylic acid-2-ethylhexyl copolymer, styrene-n-butylarylate-ethylgly- 
colmethaacrylate copolymer, styrene-n-butylmethaacrylate-acrylic acid copolymer, styrene-n-butylmethaacrytate- 
maleic anhydride copolymer, styrene-butyl acrylate-isobutyl maleate half ester-divinylbenzene copolymer; polyesters 
and their copolymers; polyethylene and their copolymers; epoxy resins; silicon resins; propylene and copolymers 
thereof; fluororesins; polyamide resins; polyvinyl alcohol resins; polyurethane resins; and polyvinylbutyral resin. Any 
one of the foregoing materials may be employed singly or two or more materials may be blended. 
[0050] The coloring material includes carbon black, spirit black, nigrosine, rhodamine material, triaminotriphenylmeth- 
ane, cation type material, dioxazine, copper phthalocyanine, perylene, azo-type material, gold-contained azo pigment, 
azochrome complex, carmine material, benzidine, solar pure yellow 8G, quinacridon, polytungstophosphate, Indan- 
threne Blue, sulfonamide derivative and the like. 

[0051] The electrification-controlling agent may be an electron-acceptable organic complex, chlorinated polyester, 

nitrohumic acid, quaternary ammonium salt or pyridinium salt. 

[0052] The lubricant may be polypropylene wax, polyethylene wax or the like. 

[0053] The dispersant may be metallic soap, polyethylene glycol or the like. 

[0054] Other additives may be zinc stearate, zinc oxide, cerium oxide or the like. 

[0055] The magnetic material includes metal powder of Fe, Co. Ni. Cr, Mn or Zn; metal oxide, such as Fe304, Fe203, 
Cr203 or ferrite; an alloy having a ferromagnetic characteristic owning to heat treatment of an alloy containing manga- 
nese and acid; and the like. A previous treatment using a coupling material may be performed. 
[0056] The foregoing materials are formed into the mother particles by a usual kneading pulverization method, a spray 
and dry method or a polymerizing method. 

[0057] The external additives include a variety of materials having surfaces subjected to a process for obtaining hydro- 
phobic characteristic. For example, inorganic fine particles made of metal oxide, such as silica, alumina titanium oxide, 
their composite oxide; or organic fine particles, for example, acryl fine particles. As its surface treatment material, any 
one of the following materials may be employed: a silane coupling agent, a titanate coupling agent, a fluorine-contained 
silane coupling agent or silicon oil. It is preferable that the hydrophobic ratio of the external additives processed with the 
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foregoing processing agent is 60% or higher when the ratio is measured by a conventional methanol method. If the ratio 
is not higher than the above-mentioned value, deterioration in the electrification characteristic and fluidity easily occurs 
in a hot and wet environment owning to adsorption of water. It is preferable that the particle size of the external additives 
is 0.001 \im to 1 urn from a viewpoint of improving a transporting characteristic and fluidity. It is preferable that the 
5 amount of the added external additives is 0. 1 wt% to 5 wt% with respect to the mother particles of toner. If the amount 
is larger than the foregoing value, the possibility that the external additives are made to be asynchronous with respect 
to toner is raised. Thus, secondary coagulation frequently occurs, causing determination in the electrification charac- 
teristic and increase in the movement marks to take place. 

[0058] The number of kinds of the external additives is not limited to one, and two or more kinds of external additives 
10 may be used in combination. 

[0059] The mother particles and the external additives are mixed in a dry state so as to be allowed to adhere to one 
another by using a high-speed fluidization mixing machine, such as a Henschel mixer or perpen mayer or a mixing 
machine using a mechanochemical method. 

[0060] In the present invention, the toner may be used as either of a one-component developer and a two-component 

75 developer together with a carrier component. 

[0061 ] The material of the toner carrier for use in the development unit according to the present invention may be any 
material so long as it can be formed into a toner carrier, such as a magnetic material, a non-magnetic material, a con- 
ductive material, an insulating material, a metal material, rubber and resin. For example, the material may be any one 
of the following materials: a metal material, such as aluminum, nickel or stainless steel; rubber, such as natural rubber, 

20 silicon rubber, urethane rubber, butadiene rubber, chloroprene rubber, neoprene rubber, or NBR; or resin, such as styrol 
resin, vinyl chloride resin, polyurethane resin, polyethylene resin, methacrylic resin or nylon. As a matter of course, 
coating of the upper layer of the foregoing material is permitted. The coating material may be polyethylene, polystyrene, 
polyurethane, polyester, nylon or acryl. The toner carrier may be formed into any one of a variety of shapes including a 
non-elastic shape, an elastic shape, a single layer, a multi-layered structure, a film or a roller. The surface roughness 

25 Rz (ten-point average surface roughness according to JIS B 0601) of the toner carrier is made to be 1 jim to 10 *im. 
[0062] It is preferable that the material of the toner supply member for use in the present invention is an elastic mate- 
rial to stabilize the contact of the toner carrier. In this embodiment, the material of the toner supply member may be 
polyurethane foam, polystyrene foam, polyethylene foam, polyester foam, ethylene propylene foam, nylon foam or sili- 
con foam. The foaming cell for constituting the toner supply member may be either a single foam type material or a suc- 

30 cessive foam type material. If the foaming cell is constituted by the successive foam type material, toner is introduced 
into the foam cell in the supply member. As a result, coagulation of toner occurs, causing easy movement of toner to be 
inhibited and movement marks to be formed in the limiting portion. Therefore, the single foam material is a preferred 
material. The hardness must be 10° to 40° (measured by Aska-C hardness meter). The optimum hardness is 35° to 40° 
with which an effect to scrape residual toner on the toner carrier can be improved. The resistance must be 10 Qcm 

35 (volume resistance) to 10 7 Qcm. 

[0063] As a matter of course, rubber having elasticity may be substituted for the foam material. Specifically, a matenal 
obtained by dispersing a conductive agent, such as carbon, in any one of the following materials and by molding the 
material into a desired shape: silicon rubber, urethane rubber, natural rubber, isoprene rubber, styrene-butadiene rub- 
ber, butadiene rubber, chloroprene rubber, butyl rubber, ethylene propylene rubber, epichlorohydrine rubber, nitril buta- 

40 diene rubber and acryl rubber. 

[0064] The toner-regulating member for use in the present invention may be an elastic chip made of a rubber or the 
like formed into a curved-shape and joined to a plate member made of stainless steel, copper, iron or a resin. The rub- 
ber chip may be a material obtained by dispersing a conductive agent made of carbon in any one of the following mate- 
rials and by molding the material into a required shape: silicon rubber, urethane rubber, natural rubber, isoprene rubber. 

45 styrene-butadiene rubber, butadiene rubber, chloroprene rubber, butyl rubber, ethylene propylene rubber, epichlorohy- 
drine rubber, nitril butadiene rubber and acryl rubber. Also a material obtained by integrally molding the foregoing rub- 
ber material or a material constituted by a signal plate member may be employed. As a matter of course, coating of the 
upper layer of the foregoing material is permitted. The coating material may be polyethylene, polystyrene, nylon, poly- 
urethane or polyester. , i 

so [0065] The cleaning Wade for use in the present invention may be constituted by forming an elastic chip provided for 
a plate member made of stainless steel, copper, iron or resin. The rubber chip may be obtained by molding silicon rub- 
ber, urethane rubber, natural rubber, isoprene rubber, styrene-butadiene rubber, butadiene rubber, chloroprene rubber, 
butyl rubber, ethylene propylene rubber, epichlorohydrine rubber, nitril butadiene rubber and acryl rubber. As an alter- 
native to this, a cleaning blade obtained by polishing or cutting the foregoing structure. 

55 [0066] Toner T according to this aspect of the invention has been analyzed by the foregoing analyzing method. Toner 
T according to an embodiment comprises silica particles to serve as the external additives. As shown in Fig. 4, a state 
of adhesion between carbon contained in mother particles 12 of toner T and the external additives 13 analyzed by the 
foregoing analyzing method is analyzed by using approximation straight line a obtained by the least-square method and 
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passing through the origin. The inclination e (equivalent particle size of the external additives/equivalent particle size of 
the mother particles) of the approximation straight line a indicates the concentration of the external additives 1 3 allowed 
to adhere (synchronized with) the mother particles 12. That is, the concentration of the external additives 13 is lowered 
as the inclination 0 is reduced. In the foregoing case, the amount of the synchronized ©eternal additives 1 3 is small and 
5 also the particle size is small. As the inclination e is enlarged, the concentration of the synchronized external additives 
1 3 raised. In the foregoing case, the amount of the synchronized external additives 1 3 is large and also the particle size 
is large. 

[0067] As the amount of synchronized external additives 13 is enlarged, the inclination 9 is enlarged. Thus, the liber- 
ated external additives 13 occurring owning to stress easily increases. As a result, filming easily occurs. As the particle 
io size of the external additives 13 is enlarged, the inclination 8 is enlarged. Thus, the external additives 13 are easily lib- 
erated. As a result, filming easily occurs. 

[0068] Toner T according to this embodiment is constituted such that the inclination e of the approximation straight 

line a concerning the concentration of the synchronized external additives 13 is not larger than 0.6. 

[0069] Toner T constituted as described above and comprising the mother particles 1 2 and the external additives 13 

15 which are synchronized with one another is arranged such that the inclination 6 of the approximation straight line a on 
the basis of the concentration of the external additives 13 with respect to the particle size of the mother particles 12 is 
not larger than 0.6. Thus, the overall amount of the external additives 13 which adhere to toner T and the particle size 
of the external additives 13 which adhere to the mother particles 12 can be limited to an extent with which the number 
of occurrences of filming is not substantially changed if the number of prints increases. As a result, liberation of the 

20 external additives 1 3 from the mother particles 1 2 of synchronized toner T can be prevented in the contact development 
process and contact transfer process in the image forming operation. Namely, formation of the asynchronous external 
additives 13 can be prevented. Therefore, retention of the external additives 13 in the nip portion 2a on the OPC 102 
can furthermore effectively be prevented. As a result, filming can effectively be prevented. 

[0070] Toner T according to this aspect of the present invention and having the constitution that the inclination 8 of 
25 the approximation straight line a is 0.6 and toner T which does not accord thereto and having the constitution that the 
inclination 9 of the approximation straight line a is 0.7 were subjected to image forming tests by using the image forming 
apparatus 101 equipped with the cleaning blade 1 10 as shown in Fig. 10. Thus, results shown in Fig. 5 were obtained. 
Toner containing silica fine particles was used in the tests to detect emission spectrum of Si so as to perform the meas- 
urement (which applies to the following tests). 
30 [0071 ] As can be understood from Fig. 5, toner T having the inclination 8 of the approximation straight line a which is 
0.7 encountered rapid enlargement of the number of occurrences of filming caused by the external additives 13 on the 
OPC 2. Toner T according to this embodiment is free from considerably change in the number of occurrences of filming 
which are caused by the external additives 13 or the number is slightly enlarged. Toner T according to this embodiment 
is able to reduce occurrence of filming which are caused by the external additives 13. 
35 [0072] Toner T according to this embodiment is able to prevent liberation of external additives 1 3 from the mother par- 
ticles 12 if stress is repeatedly exerted on toner T during contact development and contact transfer. Therefore, the life- 
time of toner T can furthermore be elongated. 

[0073] The present invention is not limited to the silica fine particles which are employed as the external additives. 
Any one of various materials may be employed. When the toner analyzing test is performed, the emission spectrum of 

40 the elements, which must be detected, is appropriately selected in accordance with the material of the external addi- 
tives. Thus, a similar measurement can be made by using external additives other than silica. When titanium oxide is 
employed to serve as the external additives, the emission spectrum of Ti must be detected and processed. When alu- 
mina is employed, the emission spectrum of A! must be detected and processed. In the present invention, two or more 
kinds of external additives may be used. In such cases, it is sufficient if at least one of them satisfies the above- 

45 described relationship. 

[0074] Fig. 6 is a normal distribution graph showing another embodiment of toner according to the present invention 
and the distribution of particle sizes obtained from results of analysis shown in Fig. 4. 

[0075] A second embodiment of toner according to the first aspect of the present invention is constituted such that 
toner T has the inclination 8 which is not larger than 0.6 and the number of the asynchronous external additives 13 
so shown in Fig. 6 is not higher than 5% with respect to the overall number of toner particles. Since the proportion of the 
asynchronous external additives 13 is determined as described above, re-coagulation of the external additives 13 can 
be prevented. Therefore, filming can be prevented. 

[0076] While the proportion of the asynchronous external additives 1 3 was being enlarged with respect to the overall 
toner particles, image forming tests were performed similarly to the foregoing tests. Thus, results as shown in Fig. 7 
55 were obtained. 

[0077] As can be understood from Fig. 7, the number of occurrences of filming caused from the external additives 13 
on the OPC 102 is rapidly enlarged as the number of prints increases if the proportion of the asynchronous external 
additives 1 3 is larger than 5% with respect to the overall toner particles. When the proportion of the asynchronous exter- 
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nal additives 13 is not larger than 5% with respect to the overall toner particles, the number of occurrences of filming 
caused from the external additives 13 is slightly enlarged if the number of prints increases. Thus, substantially no influ- 
ence is exerted on the image. That is, also toner T according to this embodiment is able to prevent filming caused from 
the external additives 13. 

5 [0078] Also toner T according to this embodiment is able to elongate the lifetime thereof similarly to toner T according 
to the foregoing embodiment. 

[0079] Fig. 8 is a normal distribution graph showing another embodiment of toner according to this aspect of the 
present invention and the particle sizes of external additives obtained from results of analysis shown in Fig. 4. 
[0080] A third embodiment of toner according to the first aspect of the present invention is constituted such that the 
io mean particle size of synchronized external additives 13 of toner T is larger than the mean particle size of the overall 
portion of the external additives 13 as shown in Fig. 8. That is, the following relationship is satisfied. 

mean particle size of synchronized additives > 1 
mean particle size of overall portion of additives 

75 

[0081 ] As a result of the foregoing constitution, a major portion of the external additives 1 3 having large particle sizes 
adheres to the mother particles 12 of toner T so as to be formed into synchronized external additives 13. A major por- 
tion of the synchronous external additives 1 3 liberated from the mother particles 1 2 is formed into external additives 1 3 
20 having small particle sizes. 

[0082] Therefore, also toner T according to this embodiment is able to reduce the asynchronous external additives 13 
during the contact development process and the contact transfer process in the image forming process. Therefore, 
retention of the external additives 13 in the nip portion 2a on the OPC 102 can furthermore be reduced. Thus, filming 
can effectively be prevented. 

25 [0083] Image forming tests were performed similarly to the foregoing tests by using toner T in which the mean particle 
size of the synchronized external additives 1 3 is larger than the mean particle size of the overall portion of the external 
additives 1 3 and toner T which does not accord thereto and in which the mean particle size of the synchronized external 
additives 1 3 is smaller than the mean particle size of the overall portion of the external additives 1 3. Thus, results shown 
in Fig. 9 were obtained. 

30 [0084] As can be understood from Fig. 9, toner T having the mean particle size of the synchronized external additives 
13 which is smaller than the mean particle size of the overall portion of the external additives 13 encounters rapid 
enlargement of occurrence of filming on the OPC 102 owning to the external additives 13 when the number of prints 
has been enlarged. Toner T according to this embodiment is free from considerable change in occurrence of filming 
caused by the external additives 13 when the number of prints has been enlarged. Also toner T according to this 

35 embodiment enables occurrence of filming caused from the external additives 13 to be prevented. 

[0085] Also toner T according to this embodiment, lifetime of toner T can furthermore be elongated similarly to toner 
T according to the foregoing embodiment. 

[0086] In the foregoing embodiment, the state of adhesion between the mother particles and the external additives of 
toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course, any toner 
40 analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent particle sizes 
of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire toner parti- 
cles. 

[0087] The image forming apparatus according to the first aspect of the present invention is not limited to the image 
forming apparatus 101 shown in Fig. 10. The present invention may be applied to any image forming apparatus if the 
45 apparatus at least constituted such that residual toner T on the OPC 1 02 is cleaned by the cleaning Wade 1 1 0 after the 
development process. 

[0088] In each embodiment, silica (SiOg) is employed to serve as the external additives 13. A material other than silica 
may be employed to serve as the external additives 13 if the material is able to adhere to the mother particles and 
improve the fluidity of toner T. 

so [0089] As can be understood from the foregoing description, toner according to the first aspect of the present inven- 
tion is constituted to regulate the amount and particle size of the external additives, which adhere to the mother parti- 
cles. Therefore, liberation of the external additives from the mother particles during the process of contact development 
with the latent-image carrier and the process for contact transfer with the transfer unit in the image forming process can 
be prevented. Therefore, retention of the external additives in the cleaning portion of the latent-image carrier can be 

55 prevented. Thus, filming can be prevented. 

[0090] Toner and the image forming apparatus according to the first aspect of the present invention are arranged to 
prevent liberation of the external additives from the mother particles if stress is repeatedly exerted on toner T during the 
contact development and the contact transfer. Therefore, the lifetime of toner can furthermore be elongated. 
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[0091] The second embodiment in the first aspect of the present invention, re-coagulation of the external additives 
can be prevented. Therefore, filming can furthermore be prevented. 

[0092] According to the third embodiment in the first aspect of the invention, a major portion of the external additives 
having the large particle sizes are made to be synchronized external additives. A major portion of the non-synchronized 
5 external additives is made to be the external additives having the small particle sizes. Thus, the inclination of the 
approximation straight line can be reduced. Therefore, filming can furthermore be prevented. 

[0093] The image foregoing apparatus according to the first aspect of the invention is arranged to use toner according 
to any one of the foregoing embodiments to prevent retention of the external additives in the cleaning portion of the 
latent-image carrier. Therefore, filming of the latent-image carrier can be prevented. 
10 [0094] Since the lifetime of toner can be elongated, also the lifetime of the image forming apparatus using toner can 
be elongated. 

[0095] In the second aspect of the invention, the above-described materials for use as the external additive may be 
combined with one another in consideration of the electrification train of the external additives. Specifically, it is prefer- 
able that the combination is performed such that the mother particles have the positive polarity and the external addi- 

15 tives have negative polarity. 

[0096] The heating member for use in the fixing unit of the image forming apparatus according to the second aspect 
of the invention may be any one of heating members made of metal, rubber, resin, a conductive material or an insulating 
material or comprising a roller or a belt. For example, the material may be a structure having the surface of a metal 
member made of aluminum, stainless steel or nickel, which is coated with silicon rubber, fluorine rubber or fluororesin. 

20 An elastic layer satisfying required heat resistance and toner separating characteristic is a preferred material to serve 
as the coating material. The shape of the heating member may be any one of a film, a roller and the like. 
[0097] Toner T according to the second aspect of the invention has been analyzed by the foregoing analyzing method. 
Toner T according to an embodiment comprises silica particles to serve as the external additives. As shown in Fig. 13, 
a state of adhesion between carbons contained in mother particles 12 of toner T and the external additives 13 analyzed 

25 by the foregoing analyzing method is analyzed by using approximation straight line a obtained by the least-square 
method and passing through the origin. The inclination 6 (equivalent particle size of the external additives/equivalent 
particle size of the mother particles) of the approximation straight line a indicates the concentration of the external addi- 
tives 13 allowed to adhere (synchronized with) the mother particles 12. That is, the concentration of the external addi- 
tives 13 is lowered as the inclination e is reduced. In the foregoing case, the amount of the synchronized external 

30 additives 13 is small and also the particle size is small. As the inclination 6 is enlarged, the concentration of the syn- 
chronized external additives 13 raised. In the foregoing case, the amount of the synchronized external additives 13 is 
large and also the particle size is large. 

[0098] As the inclination 6 is enlarged, the amount of synchronized external additives 13 is enlarged as described 
above. Therefore, the external additives 1 3 are allowed to adhere to the mother particles 1 2 having high adhesive prop- 
35 erty with respect to the heating member 209a. Thus, the particle size including the primary and secondary particle sizes 
of the external additives 13 having low adhesive property is enlarged. Therefore, as the inclination B is enlarged, adhe- 
sive strength with which the transfer paper 208 and the heating member 209a are allowed to adhere to each other is 
reduced. 

[0099] Toner T according to this mother particles is constituted such that the inclination e of the approximation straight 

40 line a concerning the concentration of the synchronized external additives 1 3 is not smaller than 0.4. 

[0100] Toner T constituted as described above and comprising the mother particles 12 and the external additives 13 
which are synchronized with one another is arranged such that the inclination 6 of the approximation straight line a on 
the basis of the concentration of the external additives 13 with respect to the particle size of the mother particles 12 is 
not smaller than 0.4. Hence it follows that the external additives 13 having a large particle size including the primary 

45 and secondary particle sizes and having low adhesive property can be allowed to adhere to the mother particles 12 
having high adhesive property with respect to the heating member 209a. As a result, the adhesion with which the trans- 
fer paper 208 and the heating member 209a are allowed to adhere to each other can be lowered. Therefore, occurrence 
of offset with which toner T adheres to the heating member 209a can be prevented, rt leads to a fact that winding of the 
transfer paper 208 around the heating member 209a can effectively be prevented. 

so [0101] Toner T according to the above embodiment of the present invention and having the constitution that the incli- 
nation 9 of the approximation straight line a is 0.5 and toner T which does not accord thereto and having the constitution 
that the inclination 6 of the approximation straight line a is 0.3 were subjected to image forming tests by using the image 
forming apparatus 1 equipped with the heating member 209a as shown in Fig. 20. Thus, results shown in Fig. 14 were 
obtained. Toner containing silica fine particles was used in the tests to detect emission spectrum of Si so as to perform 

55 the measurement (which applies to the following tests). 

[0102] As can be understood from Fig. 14, toner T having the inclination e of the approximation straight line a which 
is 0.3 encountered rapid enlargement of the amount of offset toner allowed to adhere to the heating member 209a to 
an extent with which the transfer paper 208 is undesirably wound around the heating member 209a as the number of 



18 



BNSDOCID: <EP 0977092A2_I_> 



EP0977 092 A2 



prints increases. On the other hand, toner T having the inclination 6 which is 0.5 is substantially free from considerable 
change in the amount of offset toner with which the transfer paper 208 does not wound around the heating member 
209a if the number of prints increases. Therefore, toner T according to this embodiment is able to reduce offset of toner 
T to the heating member 209a, causing occurrence of winding of the transfer paper 208 around the heating member 
5 209a to be prevented. A further precise investigation was performed, resulting in rapid enlargement of the amount of 
offset toner when the inclination 6 of the approximation straight line a was not larger than 0.3. Therefore, it is preferable 
that the inclination e of the approximation straight line a is not smaller than 0.4. 

[01 03] Toner T according to this embodiment is able to prevent liberation of external additives 1 3 from the mother par- 
ticles 12 if stress is repeatedly exerted on toner T during contact development and contact transfer. Therefore, the I'rfe- 

10 time of toner T can furthermore be elongated. 

[0104] The present invention is not limited to the silica fine particles which are employed as the external additives. 
Any one of various materials may be employed. When the toner analyzing test is performed, the emission spectrum of 
the elements, which must be detected, is appropriately selected in accordance with the material of the external addi- 
tives. Thus, a similar measurement can be made by using external additives other than silica. When titanium oxide is 

is employed to serve as the external additives, the emission spectrum of Ti must be detected and processed. When alu- 
mina is employed, the emission spectrum of Al must be detected and processed. In the present invention, two or more 
kinds of external additives may be used. In such cases, it is sufficient if at least one of them satisfies the above- 
described relationship. 

[0105] Fig. 15 is a normal distribution graph showing the distribution of particle sizes according to a second embodi- 
20 ment of the toner according to the second aspect of the present invention. 

[0106] Particles of toner T shown in Fig. 3 and analyzed by the foregoing toner analyzing method is shown such that 
the axis of abscissa stands for particle sizes (the equivalent particle sizes) of toner. On the other hand, the axis of ordi- 
nate stands for the number of particles having the respective particle size. Thus, the normal distribution graph shown 
in Fig. 1 5 can be obtained. 

25 [0107] Toner T according to this embodiment has a constitution that the mean particle size of a portion of toner par- 
ticles (hereinafter called "external additives-synchronized toner") in which external additives 13 allowed to adhere to the 
resin mother particles 12 is larger than the mean particle size of the entire toner particles. That is. the following relation- 
ship is satisfied: 

30 mean particle size of synchronized toner > 1 

mean particle size of overall portion of toner 



[0108] Toner T constituted as described above is arranged such that the mean particle size of external additive-syn- 
35 chronized toner particles is made to be larger than the mean particle size of the entire toner particles. Thus, the external 
additives 13 can uniformly be allowed to adhere to at least the mother particles 12 having larger particle size. The 
mother particles 12 having the large particle size exerts a great influence on the coagulating force which is generated 
between toner T and the heating member 209a. Therefore, adhesion of the external additives 13 to the mother particles 
12 having the large particle size enables the coagulating force between toner T and the heating member 209a to be 
40 reduced. As a result, occurrence of offset with which toner T adheres to the heating member 209a can be prevented. 
Therefore, winding of the transfer paper 208 around the heating member 209a can effectively be prevented. 
[0109] Image forming tests were performed by using toner T according to this embodiment and toner T constituted 
such that the mean particle size of the external additive-synchronized toner particles shown in Fig. 16 was smaller than 
the mean particle size of the entire toner particles, that is, the following relationship was satisfied: 

45 

mean particle size of synchronized toner 1 
mean particle size of overall portion of toner 

50 [01 1 0] The test was performed by using the image forming apparatus equipped with the heating member 209a con- 
stituted as shown in Fig. 20. Thus, results shown in Fig. 17 were obtained. 

[0111] As can be understood from Fig. 17, toner T shown in Fig. 16 encounters rapid enlargement of the amount of 
offset toner allowed to adhere to the heating member 209a to an extent that the transfer paper 208 is wound around the 
heating member 209a as the number of prints increases. On the other hand, toner T shown in Fig. 15 and according to 
55 this embodiment is free from considerable change in the amount of offset toner which adheres to the heating member 
209a if the number of prints increases. The amount is not enlarged to an extent with which the transfer paper 208 is 
wound around the heating member 209a. Therefore, the toner T according to this embodiment is able to reduce the off- 
set of toner T to the heating member 209a. Thus, occurrence of winding of the transfer paper 208 around the heating 
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member 209a can be prevented. 

[01 1 2] Also toner T according to this embodiment is able to furthermore elongate the lifetime thereof similarly to the 
foregoing embodiment. 

[01 1 3] Fig. 1 8 is a normal distribution graph showing distribution of particle sizes of toner according to a third embod- 

5 iment in the second aspect of the present invention. 

[0114] Toner T according to this embodiment is constituted such that the inclination 0 is not smaller than 0.4. Moreo- 
ver, the mean particle size of the external additive-synchronized toner particles is made to be larger than the mean par- 
ticle size of the entire toner particles. In addition, a ratio of the number of the external additive-synchronized toner and 
the number of the entire toner particles, that is, the synchronization ratio is not lower than 60%. 

10 [01 1 5] Toner T constituted as described above and according to this embodiment is arranged such that the synchro- 
nization ratio of the mother particles 12 and the external additives 13 is not lower than 60%. Thus, existence of the 
external additives 13 having low adhesive property at the interface between the heating member 209a and the transfer 
paper 208 is permitted. Therefore, adhesive force with which the heating member 209a and toner on the transfer paper 
208 adhere to each other can be reduced. Hence it follows that occurrence of offset with which toner T adheres to the 

15 heating member 209a can be prevented. As a result, winding of the transfer paper 208 around the heating member 
209a can effectively be prevented. 

[01 1 6] Toner T according to this embodiment and having the synchronization ratio of 60% and toner T which does not 
accord thereto were used to perform image forming tests by the image forming apparatus 201 equipped with the heat- 
ing member 209a constituted as shown in Fig. 20. Thus, results shown in Fig. 19 were obtained. 

20 [0117] As can be understood from Fig. 19, the constitution that the synchronization ratio of the mother particles of 
toner and the external additives is not lower than 60% causes the amount of offset toner which adheres to the heating 
member 209a to rapidly be changed. As a result, winding of the transfer paper 208 around the heating member 209a 
can substantially be prevented. Hence it follows that toner T according to this embodiment is able to reduce the amount 
of offset toner T to the heating member 209a. Therefore, occurrence of winding of the transfer paper 208 around the 

25 heating member 209a can be decreased. 

[0118] Also toner T according to this embodiment is able to elongate the lifetime thereof similarly to the foregoing 
embodiments. 

[01 19] A fourth embodiment of the toner according to the second aspect of the present invention is constituted such 
that in addition to the constitution of toner T of any one of toner T according to the foregoing embodiments, a further 
30 constitution is added. That is, the polarity of the external additives 13 is made to be different from the polarity of the 
mother particles 12. Usually, the polarity of the mother particles 12 is made to be positive. Therefore, toner T according 
to this embodiment is constituted such that the polarity of the external additives 13 is negative. As a matter of course, 
the polarity of the external additives 13 is made to be positive when the polarity of the mother particles 12 is made to 
be negative. 

35 [0120] Toner T constituted as described above and according to this embodiment cause the adhesive force between 
the mother particles 12 and the external additives 13 is enlarged owning to the difference in the polarity. As a result, 
adhesion between the mother particles 12 and the external additives 13 is made to furthermore be reliable. Therefore, 
reliable existence of the external additives 13 having low adhesive property at the interlace between heating member 
209a and the transfer paper 208 is permitted. Hence it follows that occurrence of offset of toner T with which toner T 

40 adheres to the heating member 209a does not easily occur. As a result, winding of the transfer paper 208 around the 
heating member 209a can be prevented similar to toner T according to the foregoing embodiments. 
[0121] Toner T according to this embodiment is constituted such that the polarity of the mother particles 12 and that 
of the external additives 13 are made to be different from each other. Thus, the external additives having low adhesive 
property is able to exist at the interface between the heating member 209a and toner T on the transfer paper 208. As a 

45 resuft, the adhesive force between the heating member 209a and toner T on the transfer paper 208 can be reduced. 
Hence ft follows that winding of the transfer paper 208 around the heating member 209a can effectively be prevented. 
[0122] In the foregoing embodiments, the state of adhesion between the mother particles 12 and the external addi- 
tives 13 of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course, 
any toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent 

so particle sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire 
toner particles. 

[0123] The image forming apparatus according to the present invention is not limited to the image forming apparatus 
201 shown in Fig. 20. The present invention may be applied to any image forming apparatus if the apparatus comprises 
at least the fixing unit 209 for fixing a transferred image on the transfer paper 208 after transfer has been completed. 
55 [0124] In each embodiment, silica (SiO^ is employed to serve as the external additives 13. A material other than silica 
may be employed to serve as the external additives 13 if the material is able to adhere to the mother particles and 
improve the fluidity of toner T. 

[0125] • As can be understood from the«foregoing description, the toner of the first embodiment in the second aspect 
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of the present invention is constituted such that the particle size of the external additives including primary and second- 
ary particle sizes is enlarged, the external additives being external additives which adhere to the mother particles which 
have high adhesive property with respect to the fixing unit. Therefore, the adhesive force with which the transfer mem- 
ber and the fixing unit adhere to each other can be reduced. As a result, offset of toner on the transfer member to the 
fixing unit can be prevented. Hence it follows that adhesion of the transfer member to the fixing unit can be prevented. 
[01 26] The toner of the second embodiment in the second aspect of the present invention is constituted such that the 
external additives are able to uniformly adhere to at least the mother particles having the large particle size. Therefore, 
the coagulating force between toner and the fixing unit can be reduced. Thus, occurrence of offset of toner on the trans- 
fer member can be prevented and, therefore, adhesion of the transfer member to the fixing unit can be prevented. 
[0127] According to the third embodiment in the second aspect of the invention, the external additives having low 
adhesive property is caused to exist at the interface between the fixing unit and toner on the transfer member. There- 
fore, the adhesive force between the fixing unit and toner on the transfer member can be reduced. Hence it follows that 
occurrence of offset of toner on the transfer member can be prevented. Therefore, adhesion of the transfer member to 
the fixing unit can be prevented. 

[0128] According to the fourth erribodiment, the adhesive force between the mother particles and the external addi- 
tives are enlarged by using the different in the polarity. Therefore, adhesion between the mother particles and the exter- 
nal additives is made to furthermore be reliable. Thus, the external additives having low adhesive property are able to 
reliably exist at the interface between the fixing unit and the fixing unit. As a result, the adhesive force with which the 
fixing unit and toner on the transfer member adhere to each other can be reduced. Therefore, occurrence of offset of 
toner on the transfer member can be prevented. Hence it follows that adhesion of the transfer member to the fixing unit 
can be prevented. 

[0129] The image forming apparatus according to the second aspect of the present invention, occurrence of offset of 
toner on the transfer member during the fixing process can be prevented. Thus, adhesion of the transfer member to the 
fixing unit can be prevented. 

[0130] The toner and the image forming apparatus according to the second aspect of the present invention is able to 
prevent liberation of the external additives from the mother particles if stress is repeatedly exerted on toner during the 
contact development or the contact transfer. As a result, the lifetime of toner and that of the image forming apparatus 
can furthermore be elongated. 

[01 31 ] Toner T according to the third aspect of the invention has been subjected to analysis by the foregoing analyzing 
method. The toner according to an embodiment of this aspect of the invention comprises silica particles as the external 
additives. Particles of analyzed toner T is expressed such that the axis of abscissa stands for the particle sizes (the 
equivalent particle sizes) of toner and the axis of ordinate stands for the number of particles having the respective par- 
ticle sizes. Thus, a normal distribution graph as shown in Fig. 22 is obtained In accordance with the distribution of the 
particle sizes of toner, the mean particle size of toner particles (hereinafter called "external additive-synchronized 
toner") in which external additives adhere to the resin mother particles and the mean particle size of the entire toner 
particles are obtained. Toner T according to this embodiment is constituted such that the obtained mean particle size 
of external additive-synchronized toner particles is set to be larger than the mean particle size of the entire toner parti- 
cles, as shown in Fig. 22. That is, the following relationship is satisfied. 

mean particle size of synchronized toner 1 
mean particle size of overall portion of toner 



[0132] Since the toner constituted as described above and according to this embodiment is arranged such that the 
mean particle size of external additive-synchronized toner particles is larger than the mean particle size of the entire 
toner particles, the fluidity and electrification characteristic of toner can be improved. Therefore, retention of toner T in 
which external additives are not allowed to adhere and which has a large particle size in the vicinity of the nip portion 
of the toner-regulating blade 306 which is made contact with the toner carrier 305 can be prevented. Thus, formation of 
a movement stripe can be prevented. As a result, a developed image having an excellent image quality can be obtained. 
[01 33] Toner T according to this embodiment and toner T constituted such that the mean particle size of the external 
additive-synchronized toner particles is smaller than the mean particle size of the entire toner particles as shown in Fig. 
23, that is, the relationship shown below is satisfied, were used to perform development tests by using the development 
unit equipped with the toner-regulating blade serving as the toner-regulating member and constituted as shown in Fig. 
26. 

mean particle size of synchronized toner < 1 
mean particle size of overall portion of toner 
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[01 34] Thus, results shown in Fig. 24 were obtained. The toners for use the tests were each toner comprising silica 
particles. Emission spectrum of Si was detected to perform measurement. 

[0135] As can be understood from Fig. 24, toner T shown in Fig. 23 encounters a fact that the number of movement 
stripes is enlarged over a defective movement limit line which exerts an influence on the image quality after the number 
of prints has been enlarged. Toner T according to this embodiment (that is. toner shown in Fig. 22) forms little move- 
ment stripes by a small number which is not larger than the defective movement limit line. Thus, the fluidity and electri- 
fication characteristic of toner can be improved. 

[0136] The external additives according to the third aspect of the present invention is not limited to silica fine particle 
A variety of materials may be employed, as described above. When the toner analyzing test is performed, the emission 
spectrum of the elements, which must be detected, is appropriately selected in accordance with the material of the 
external additives. Thus, a similar measurement can be made by using external additives other than silica When tita- 
nium oxide is employed to serve as the external additives, the emission spectrum of Ti must be detected and proc- 
essed. When alumina is employed, the emission spectrum of Al must be detected and processed. 
[01 37] Fig. 25 is a schematic view showing a development unit according to another embodiment in the third aspect 
of the invention, in which the toner according to the third aspect of the present invention is used. 
[0138] As shown in Fig. 25, the development unit 301 according to the embodiment comprises a bias-voltage apply 
member 10 dtsposed between the toner supply member 304 and the toner carrier 305. The bias-voltage apply member 
10 applies bias voltage to the space between the toner supply member 304 and the toner earner 305 in a direction in 
which toner T is moved from the toner supply member 304 to the toner earner 305 owning to the difference in the ooten- 
20 tial. 

[0139] The other constitutions of the development unit 301 are the same as those of the conventional development 
unit shown in Fig. 26. 

[0140] In the development unit 301 constituted as described above and accoiding to this embodiment, when bias volt- 
age is applied to the space between the toner supply member 304 and the toner carrier 305 by the bias-voltage apply 
member 10, the bias voltage causes movement force owning to an electrostatic force in addition to the mechanical 
movement force. Therefore, toner having low electrification characteristic and large particle sizes is. in a large amount 
allowed to pass through the space between the toner-regulating blade 306 and the toner carrier 305 together with toner 
having the high electrification characteristic As a result, selective movement of only toner having small and intermedi- 
ate particle sizes to the latent-image carrier 307 can be prevented. Therefore, retention of toner having large particle 
sizes in the nip portion of the toner-regulating blade 306 can be prevented. Therefore, formation of a movement stripe 
of toner T on the toner carrier 305 can furthermore effectively be prevented. 

[0141] As described above, the development unit 301 according to this embodiment is able to prevent occurrence of 
a movement stripe caused from toner T. Moreover, movement stripes caused from the development unit 301 can be 
prevented. As a result, occurrence of the movement stripes can considerably and effectively be prevented 
[0142] In the foregoing embodiments, the state of adhesion between the mother particles and the external additives 
of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course any 
toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent particle 
sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire toner 
particles. 

[0143] The development unit according to the present invention is not limited to the development unit 301 shown in 
Fig. 26. The present invention may be applied to any one of development units which comprise at least the toner supply 
member 304, the toner carrier 305 and the toner-regulating member (including a member other than the toner-regulat- 
ing blade 306). a 

[0144] As can be understood from the foregoing description, toner according to the third aspect of the present inven- 
tion is constituted such that the value obtained by dividing the mean particle size of toner particles in which the mother 
particles and the external additives are allowed to adhere to one another with the mean particle size of the entire toner 
particles is larger than 1. Therefore, the fluidity and electrification characteristic can considerably be improved. 
[0145] The development unit according to the third aspect of the present invention uses the above-mentioned toner 
having satisfactory fluidity and electrification characteristic. Thus, toner particles having large particle sizes are able to 
pass through the space between the toner carrier and the toner-regulating member. Therefore, retention, in the nip por- 
tion of the toner-regulating member, of toner particles to which no external additive adheres and which has large parti- 
cle sizes can be prevented. Therefore, formation of a movement stripe of toner in the toner carrier can be prevented As 
a result, a developed image having an excellent image quality can be obtained. 

[0146] The development unit according to another embodiment in the third aspect of the invention further comprises 
the bias voltage apply member. When bias voltage is applied to a space between the toner supply member and the 
toner earner, the bias voltage causes movement force owning to an electrostatic force in addition to the mechanical 
movement force. Therefore, toner particles having low electrification characteristic and large particle sizes are in a 
large amount, allowed to pass through the space between the toner supply member and the toner earner together with 
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toner particles having the high electrification characteristic. As a result, selective movement of only toner having small 
and intermediate particle sizes to the latent-image carrier can be prevented. Therefore, retention, in the nip portion of 
the toner-regulating blade, of toner particles having large particle sizes can be prevented. Therefore, formation of a 
movement stripe of toner on the toner carrier can furthermore effectively be prevented. 

5 [0147] The toner-regulating member for use in the development unit of the image forming apparatus according to the 
fourth aspect of the invention may comprise a rubber or elastomer having an impact resilience of 10% or higher. 
[0148] The toner T according to the fourth aspect of the invention has been subjected to analysis of toner by the fore- 
going analyzing method. The toner according to this embodiment comprises the external additives which are sprayed 
silica having the surface subjected to a process for obtaining hydrophobic characteristic. The analysis of toner is per- 

w formed by using a particle analyzer to perform measurement. The particle analyzer comprises four spectrometers hav- 
ing two types of channels of spectrometers which are adapted to different blaze wavelengths. Therefore, if the 
measurement is performed with different channels, the absolute value of the particle size is deviated and indicated own- 
ing to the difference in the sensitivity of the spectrometer. Therefore, the embodiment of the present invention is 
attempted to prevent deviation of the absolute value ol the particle size by defining the channels for use to detect ele- 

15 ments as follows: 

Mother Particles of Toner T: channel 1 or channel 2 
• External additives (Si0 2 ): channel 3 or channel 4 

20 [0149] The toner particles analyzed as described above are shown such that the axis of abscissa stands for the par- 
ticle sizes (equivalent particle sizes) of toner particles and the axis of ordinate stands for the number of particles having 
the above-mentioned particle sizes. Thus, a normal distribution graph of the particle sizes of toner as shown in Fig. 28 
can be obtained. 

[0150] Toner T of the developer for use in an embodiment of the development unit according to the present invention 
25 is descrtoed below. The number of mother particles 1 2 of toner indicated on the axis of abscissa of the graph shown in 
Fig. 3 (i.e., the total number of particles of toner T having an external additive concentration lower than a predetermined 
concentration and particles of toner T composed of mother particles 12 and having no external additives adhered 
thereto: "number of toner particles having an external additive concentration lower than a predetermined concentration* 
shown in Fig. 28) accounts for not more than 30% based on the number of overall particles of toner ("number of overall 
30 toner particles" shown in Fig. 28). That is, the following relationship is satisfied. 

{(count of asynchronous mother particles)/(courrt of 
synchronous mother particles + count of asynchronous mother particles)} X 100 = 30 (% by number) 

35 

[01 51 ] As may be understood from the above, the toner particles having an external additive concentration lower than 
a predetermined concentration is defined as the sum of toner particles in which the external additives 13 having an 
equivalent particle size of not larger than about 0.8 fim adhere to the mother particles 12 and particles of toner T com- 
posed of mother particles 12 and having no external additives adhered thereto. The sum of the count of synchronous 
40 mother particles (synchronous toner particles) and the count of asynchronous mother particles is defined as the entire 
toner particles. 

[0152] In the development unit 401 according to a second embodiment in the third aspect of the present invention, 
the toner-regulating member 406 comprises a soft elastic member as shown in Fig. 29(a). It is preferred that the soft 
elastic member is made of a rubber or elastomer having an impact resilience of 10% or higher. The toner-regulating 

45 member 406 is arranged to cause appropriate fine fretting phenomenon to occur at its portion which is made contact 
with the toner carrier 405 to be vibrated finely, as descrtoed below. The intensity of the fretting phenomenon of the 
toner-regulating member 406 varies depending on a state of toner existing in the vicinity of the contact portion between 
the toner carrier 405 and the toner-regulating member 406. The fretting phenomenon occurs when energy accumulated 
in the toner-regulating member 406 has raised to a predetermined level. 

so [0153] In case where the toner-regulating member 406 is used to be brought into contact with the toner at the edge 
thereof as shown in Fig. 29(b), it is preferable that the soft elastic member is arranged to have rubber hardness (hard- 
ness tester according to JIS-A) of 60 or lower. In case where the toner-regulating member 406 is used to be brought 
into contact with the toner with the body thereof as shown in Fig. 29(c), it is preferable that the soft elastic member has 
rubber hardness (hardness tester according to JIS-A) of 30 or lower. 

55 [0154] The other constitutions of the development unit 401 are the same as those of the conventional development 
unit shown in Fig. 30. 

[0155] The development unit 401 according to this embodiment employs the above-mentioned toner T Since toner T 
is employed, the toner-regulating member 406 causes adequate fretting phenomenon to occur. Thus, the toner-regu- 
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lating member 406 is adequately perform fine vibrations. As shown in Fig. 29(b), the toner-regulating member 406 per- 
forming fine vibrations owning to the adequate and fine fretting phenomenon f lips toner T. Thus, fixation of toner T to 
the toner-regulating member 406 can be prevented. 

[01 56] The development unit 401 according to the embodiment of the present invention and constituted as described 
above uses the foregoing toner T. Toner T is arranged such that the number of the mother particles 12 containing the 
external additives, the concentration of which is lower than a predetermined concentration, is 30% by number with 
respect to the number of the overall toner particles. When the above-mentioned toner T exists in the vicinity of the con- 
tact portion between the toner-regulating member 406 made of the soft elastic member and the toner carrier 405, toner 
T causes the toner-regulating member 406 to perform adequate fretting when the toner carrier 405 has been rotated. 
Therefore, if toner T is willing to be fixed to the toner-regulating member 406. the toner-regulating member 406 flips 
toner T, which is willing to be fixed to the toner-regulating member 406, owning to the fine vibrations caused from the 
adequate fretting, as shown in Fig. 29(b). Therefore, fixation of toner T to the toner-regulating member 406 can be pre- 
vented. Moreover, abrasion of the external additives 1 3 owning to chipping can be prevented. 

[01 57] The reason why toner T for use in the development unit 401 according to this embodiment causes the toner- 
regulating member 406 to perform adequate fretting is described below. When external additives having equivalent par- 
ticle sizes larger than about 0.8 ym are allowed to adhere to the mother particles 12, the major portion of the surfaces 
of the mother particles 12 is covered with the external additives 13. Therefore, the areas in which the mother particles 

12 are made direct contact with one another can be reduced. Moreover, the distances among adjacent toner particles 
can be elongated. Thus, the physical adhesive force can be reduced. To enable toner T to easily move when external 
force is exerted, the degree of freedom in movement of toner T is improved. When the external additives 1 3 have been 
allowed to adhere to the surfaces of the toner-regulating member 406 made of the soft elastic member, toner T having 
improved degree of freedom in the movement. When the foregoing toner T exists in the vicinity of the contact portion 
between the toner-regulating member 406 and the toner carrier 405, sliding occurs between toner T and the toner-reg- 
ulating member 406. Thus, the toner-regulating member 406 performs an adequate fretting phenomenon. As a result 

25 adequate fine vibrations occur owning to the fretting phenomenon. 

[0158] If toner T containing the external additives, the concentration of which is lower than a predetermined concen- 
tration, exist in an amount of 30% by number or larger, the toner-regulating member 406 cannot easily cause the fretting 
phenomenon to occur. Therefore, the fine vibrations of the toner-regulating member 406 cannot be performed suffi- 
ciently. When non-covered toner composed of the mother particles 12 which are not covered with the external additives 

1 3 and having low degree of freedom in the movement is allowed to adhere to the toner-regulating member 406. move- 
ment (flipping) of toner T owning to the external force cannot easily be performed. As a result, fixation of toner T to the 
toner-regulating member 406 takes place. 

[0159] When only toner T composed of the external additives 13 which does not adhere to the mother particles 12 
exists in the vicinity of the contact portion between the toner-regulating member 406 and the toner carrier 405, the fine 
particles of the external additives 13 adhere and cover the surface of the toner-regulating member 406 made of the soft 
elastic member (soft rubber) owning to strong electric force. Therefore, sliding between the external additives 13 
allowed to adhere to the toner-regulating member 406 and the toner carrier 405 cannot easily be performed. That is, 
the coefficient of friction between the toner-regulating member 406 to which the external additives 13 have been 
allowed to adhere and the external additives 1 3 is undesirably raised. If the coefficient of friction between the toner-reg- 
ulating member 406 and the external additives 13 is raised, the toner-regulating member 406 causes excessive fretting 
phenomenon to occur in the contact portion between the toner-regulating member 406 and the toner carrier 405. As a 
result, the contact portion of the toner-regulating member 406 encounters abrasion owning to chipping. 
[0160] When only non-covered toner composed of the mother particles 12 which are not covered with the external 
additives 13 exists in the vicinity of the contact portion between the toner-regulating member 406 and the toner carrier 
405, the toner-regulating member 406 does not cause the fretting phenomenon to occur. Therefore, the non-covered 
toner adheres to the toner-regulating member 406. When thermomechanical stress is repeatedly exerted on the non- 
covered toner allowed to adhere to the toner-regulating member 406, the shape of toner is undesirably changed. As a 
result, adjacent toner particles are joined to one another, that is, completely fixed. 

[0161] When the development unit 401 according to this embodiment is constituted as described above, the toner- 
regulating member 406 performs adequate fretting phenomenon and adequate fine vibrations. As a result, fixation of 
toner T to the toner-regulating member 406 can be prevented. 

[0162] Examples of the fourth aspect of the present invention were tested. Details of the tests are described below 
[0163] In example 1 . sprayed silica having the surface subjected to a process for obtaining a hydrophobic character- 
istic was employed. As the toner-regulating member, urethane having an impact resilience of 14% was employed Toner 
particles of five types were tested which had asynchronous toner proportions of 36.1% by number, 23.6% by number 
1 9.4% by number, 1 5.2% by number and 6.8% by number, respectively. The results are shown in Table 1 . 
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Table 1 



Tests 


Condition for Addi- 
tion ! 


Ratio of Asynchro- 
nous Toner (%) 


Number of Prints 
(A4) 


Unevenness in Den- 
sity of Image 


Fixation of Toner 


1 


A 


36.1 


500 sheets 


poor 


occurred 


2 


B 


23.6 


5000 sheets 


good 


slightly 


_ 3 


C 


19.4 


10000 sheets 


excellent 


not occurred 


4 


D 


15.2 


10000 sheets 


excellent 


not occurred 


5 


F 


6.8 


10000 sheets 


excellent 


not occurred 



10 



15 



20 



25 



30 



35 



[0164] The regulating member was that according to Example 2-(2). 

[0165] As can be understood from the results of the tests according to Example 1 and shown in Table 1 , toner con- 
taining asynchronous toner at the proportion of 36.1% by number encountered fixation of toner after a relatively small 
number of 500 prints was made. As a result of occurrence of fixation of toner, unevenness in the density of the images 
occurred. Toner containing asynchronous toner at the proportion of 23.6% by number encountered slight fixation of 
toner after 5000 prints were made. However, no unevenness in the density of the images occurred. Substantially no 
influence was exerted on the image quality. Three types of toner containing asynchronous toner at 19.4% by number or 
lower were free from fixation of toner after 10,000 prints were made. Moreover, no unevenness in the density of the 
images occurred. Therefore, use of the toner-regulating member made of urethane having the impact resilience of 14% 
enabled fixation of toner to substantially be prevented in a case of the present invention in which the proportion of the 
asynchronous toner was 30% by number or lower. Moreover, unevenness of the density of images which exerts an 
adverse influence on the image quality did not occur. When the proportion of asynchronous toner was 20% by number 
or lower, satisfactory results were obtained such that fixation of toner was completely prevented and no unevenness in 
the density of images occurred. When the proportion of the asynchronous toner was 30% by number or lower, relatively 
satisfactory results were obtained. It is preferable that the proportion is 20% by number or lower. 

Example 2 : 

[0166] In Example 2, sprayed silica having the surface subjected to a process for obtaining a hydrophobic character- 
istic was employed as the external additive. Moreover, toner having the proportion of asynchronous toner of 19.4% by 
number was employed. Moreover, three types of toner-regulating members composed of SUS having an impact resil- 
ience of 0%. urethane having an impact resilience of 14% and an impact resilience of 35%. The results are shown in 
Table 2. 



40 



Table 2 



Tests 


Impact Resilience 
(%) 


Toner 


Number of Prints 
(A4) 


Unevenness in Den- 
sity of image 


Fixation of Toner 


1 


0% (SUS) 


Example 1-(3) 


5000 sheets 


poor 


occurred 


2 


14 (urethane) 


ditto 


10000 sheets 


excellent 


not occurred 


3 


35 (urethane) 


ditto 


10000 sheets 


excellent 


not occurred 



45 



50 



55 



[0167] As can be understood from the results of Example 2 shown in Table 2, the use of the toner-regulating member 
made of SUS having the impact resilience of 0% encountered fixation of toner after 5000 prints were made if toner hav- 
ing the proportion of asynchronous toner of 19.4% by number Moreover, unevenness in the density of the images 
occurred. When the toner-regulating member made of urethane members having the impact resilience of 14% and 
35%. respectively, no fixation of toner occurred and no unevenness in the density of the image occurred after 10000 
prints were made. Therefore, use of toner having the proportion of asynchronous toner of 19.4% by number enables 
fixation of toner and unevenness in the density of images to be prevented. 
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Example 3 : 



[0168] In Example 3, sprayed silica having the surface subjected to a process for obtaining a hydrophobic character- 
istic was employed as the external additive. Moreover, toner having a proportion of asynchronous toner of 19.4% by 
number was employed. In addition, a toner-regulating member made of the urethane having the impact resilience of 
14%. Thus, occurrence of fretting phenomenon was observed in two cases including a case (Test 1) in which the toner- 
regulating member made of the urethane having the impact resilience of 1 4% and toner T was brought into contact with 
the edge of the toner-regulating member as shown in Fig.29(b) and a case (Test 2) in which toner T was brought into 
contact with the body of the toner-regulating member as shown in Fig. 29(c). The results are shown in Table 3. 



Table 3 





TesM 


Test 2 


Regulating Member 


contact with edge 


contact with body 


Hardness of Rubber 


60 or lower 


30 or lower 



[0169] As can be understood from results of tests according to Example 3 shown in Table 3, the contact with the edge 
20 employed in Test 1 encountered easy occurrence of fretting phenomenon when the rubber hardness (the hardness 
tester per JIS-A) of the soft elastic member of the toner-regulating member was 60 or lower, therefore, adequate fret- 
ting enabled the effect of flipping toner to be obtained. In the case of Test 2 in which the contact with the body encoun- 
tered a fact that adequate fretting was not obtained when the rubber hardness (the hardness tester per JIS-A) of the 
soft elastic member of the toner-regulating member was raised. Therefore, a soft elastic member having a rubber hard- 
25 ness lower than that of the soft elastic member which was employed to the contact with the edge in Test 1 was required. 
In actual, the soft elastic member must have a rubber hardness of 30 or lower, preferably 20 or lower. When the soft 
elastic member having the rubber hardness of 30 or lower was employed, slight deformation occurred in the contact 
portion with the toner carrier. As a result, adequate fretting occurred. The adequate fretting enabled the effect of f lipping 
toner to be obtained. 

[0170] In the foregoing embodiments, the state of adhesion between the mother particles and the external additives 
of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course any 
toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent particle 
sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire toner 
particles. 

[0171] The development unit according to the fourth aspect of the present invention is not limited to the development 
unit 401 shown in Fig. 30. The present invention may be applied to any one of development units if the development 
unit comprises the toner carrier 405 and the toner-regulating member (including members besides the toner-regulatina 
member 406). 

[0172] The external additives according to the fourth aspect of the present invention is not limited to silica fine particle. 
A variety of materials may be employed, as described above. When the toner analyzing test is performed, the emission 
spectrum of the elements, which must be detected, is appropriately selected in accordance with the material of the 
external additives. Thus, a similar measurement can be made by using external additives other than silica. When tita- 
nium oxide is employed to serve as the external additives, the emission spectrum of Ti must be detected and proc- 
essed. When alumina is employed, the emission spectrum of Al must be detected and processed. 
[0173] As can be understood from the foregoing description, the development unit according to the fourth aspect of 
the present invention has the constitution that the developer contains toner in which the concentration of the external 
additives is lower than a predetermined concentration and the ratio of which is not higher than 30% by number with 
respect to the entire toner particles, and the toner-regulating member is a toner-regulating member comprising a soft 
elastic member. Therefore, the toner-regulating member is caused to perform adequate fine vibrations owning to ade- 
quate fretting. Thus, toner allowed to adhere to the toner-regulating member is flipped. Thus, fixation of toner to the 
toner-regulating member can be prevented. As a result, unevenness in movement of the developer which is performed 
by the toner carrier can be prevented. Moreover, occurrence of unevenness in the density of the images in the form of 
a longitudinal stripe caused from the unevenness in the movement can be prevented. 

[01 74] Since fixation of toner to the toner-regulating member can be prevented, also fixation of toner to the toner car- 
rier can be inhibited. Thus, the durability of the development unit can be improved. Simple supply of the toner enables 
the development unit to be repeatedly be used for a long time. 

[0175] Since the toner-regulating member is simply made of the soft elastic member, the structure of the toner-regu- 
lating member can be simplified. Thus, the cost of the toner-regulating member can be reduced. Since the necessity of 
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wearing the toner-regulating member can be eliminated, the toner-regulating member can be used for a long time- 
Thus, the durability of the development unit can furthermore be improved. 

[0176] Hence it follows that the development unit according to the present invention is able to quicWy form images in 
a large amount for a long time. Moreover, images having excellent image quality can be formed. 

s [01 77] The toner-regulating member for use in the development unit of the image forming apparatus according to the 
fifth aspect of the invention may comprise a rubber or elastomer having an impact resilience of 10% or higher. 
[0178] The toner T according to the fifth aspect of the invention has been subjected to analysis of toner by the fore- 
going analyzing method. The toner according to this embodiment comprises the external additives which are sprayed 
silica having the surface subjected to a process for obtaining hydrophobic characteristic. The analysis of toner is per- 

w formed by using a particle analyzer to perform measurement. The particle analyzer comprises four spectrometers hav- 
ing two types of channels of spectrometers which are adapted to different blaze wavelengths. Therefore, if the 
measurement is performed with different channels, the absolute value of the particle size is deviated and indicated own- 
ing to the difference in the sensitivity of the spectrometer. Therefore, the embodiment of the present invention is 
attempted to prevent deviation of the absolute value of the particle size by defining the channels for use to detect ele- 

15 merits as follows: 

Mother Particles of Toner T: channel 1 or channel 2 
External additives (Si0 2 ): channel 3 or channel 4 

20 [01 79] The toner particles analyzed as described above are shown such that the axis of abscissa stands for the par- 
ticle sizes (equivalent particle sizes) of toner particles and the axis of ordinate stands for the number of particles having 
the above-mentioned particle sizes. Thus, a normal distribution graph of the particle sizes of toner as shown in Fig. 32 
can be obtained. 

[0180] Toner T for use in an embodiment of the fifth aspect of the present invention is described below. The mean 
25 particle size of the entire toner particles indicated with an one-dot-and-dash line in Fig. 32 and the mean particle size 
of asynchronous toner particles (indicated on the axis of abscissa shown in Fig. 3. that is, particles of toner T in which 
external additives 13, the concentration of which is lower than a predetermined concentration, are allowed to adhere to 
the mother particles 12 and particles of toner T composed of mother particles 12 to which no external additives 13 are 
allowed to adhere) indicated with a two-dot-and<lash line in Fig. 32 satisfy the following relationship: 

30 

D1/D2 < 2 

wherein D1 represents the mean particle size of the entire toner particles and D2 represents the mean particle size of 
toner particles composed of mother particles containing external additives, the concentration of which is lower than a 

35 predetermined concentration. 

[0181 ] As may be understood from the above, the toner particles having an external additive concentration lower than 
a predetermined concentration is defined as the count of asynchronous mother particles, i.e.. the sum of toner particles 
in which the external additives 13 having an equivalent particle size of not larger than about 0.8 *im adhere to the 
mother particles 12 and particles of toner T composed of mother particles 12 and having no external additives adhered 

40 thereto. The sum off the count of synchronous mother particles (synchronous toner particles) and the count of asyn- 
chronous mother particles is defined as the entire toner particles. 

[0182] Toner T constituted as described above and according to the fifth aspect of the present invention is arranged 
such that the ratio of the mean particle size of the entire toner particles and the mean particle size of the mother parti- 
cles 1 2, in which the concentration of the external additives is lower than a predetermined concentration, is less than 2. 
45 The ratio of less than 2 indicates that the toner particles having an external additive concentration less than predeter- 
mined value has a reduced proportion of particles having smaller particle sizes. 

[0183] The reason why the particle size of toner T, in which the concentration of the external additives is lower than 
a predetermined concentration, has a reduced proportion of particles having smaller particle sizes is descrfoed below. 
Originally, the external additives 13 easily adhere to the mother particles 12 when the specific surface of the mother par- 
se tides 12 is large and the particle size of the same is small. Since mother particles 12 having the small particle size fre- 
quently secondarily coagulated with one another, the external additives 13 cannot easily be allowed to adhere to the 
mother particles 12 secondarily coagulated and having the small particle size. Therefore, the mother particles 12 sec- 
ondarily coagulated and having the small particle size encounter reduction in the coverage of the external additives 13. 
Thus, a sufficiently high concentration of the external additives cannot be realized. In actual, the mother particles 12 
55 existing as single particles and having large particle size are easily covered with the external additives 1 3. Conventional 
toner encounters a fact that toner T, in which the concentration of the external additives is lower than a predetermined 
concentration, is toner having small particle sizes. Toner T according to the present invention is constituted such that 
mother particles 12 of toner secondarily coagulated and having the small particle size are covered with the external 
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addrtives 13 wrth pnority. To achieve this, the external additive addition process is performed under optimum shearing 
sfrength wrth which mother particles secondarily coagulated and having the small particle size are pulverized If the 
shearing strength is excessively large and the duration of the process is too long, there arises a problem in that the 
external add. rves 13 are embedded in the mother particles 12. When the shearing strength which is exerted on the 
mother particles 12 and the external additives 13 during the external additive addition process and the duration of the 
process are optimized, the mother particles 12 having small particle size are covered with the external additives with 
pnonty without embedding of the external additives 13 in the mother particles 1 2. When the mother particles of toner is 
subjected to the external additive addition process, the particle size of toner T in which the concentration of the external 
additives is lower than a predetermined concentration can substantially be enlarged. 

[0184] When toner T is allowed to adhere to the toner-regulating member 406 owning to physical adhesive force in 
the vicinity of the contact portion between the toner-regulating member 406 and the toner carrier 405, thermomechan- 
ical stress is exerted on toner T owning to repeated rubbing and sliding between the toner-regulating member 406 and 
the toner carrier 405 which moves at high speed. In the foregoing state, the thermal capacity of toner T is enlarge 
according to the large particle size. Thus, thermal deformation does not easily occur. When the particle size is further- 
more enlarged, movement easily occurs owning to flow of toner. Therefore, thermomechanical stress exerted from out- 
side can easily be dispersed to the surrounding portion. Thus, the effect of preventing change in the shape of toner can 
be improved, ti the toner carrier 405 which is moved at high speed is brought into contact with the toner-regulating 
member 406 through toner T. the phenomenon that toner T adheres to adjacent toner particles and the surface of the 
toner-regulating member 406 can be prevented. Thus, fixation of toner T to the toner-regulating member 406 can be 
prevented. As a result, unevenness in the movement of toner T can be prevented. 

[0185] The development unit 401 employs toner T as the developer. Therefore, fixation of toner T to the toner-regu- 
lating member 406 does not easily occur. Therefore, durability of the development unit 401 can be improved. Simple 
supply of toner T enables the development unit 40 1 to repeatedly be operated for a long time 

[0186] Toner T and the development unit 401 according to this embodiment are free from unevenness in the move- 
ment of toner T caused from the toner carrier 405. Therefore, unevenness in the density of the images in the form or a 
longitudinal stnpe caused from the unevenness in the movement can be prevented. Thus, the image quality can be 
improved. 

[0187] Toner T according to the fifth aspect of the present invention is constituted such that the mother particles 12 
secondanly coagulated and having the small particle size are covered with the external additives 13 wrth priority. To 
achieve this, the external additive addition process is performed under the condition of the shearing strength with which 
the mother particles secondarily coagulated and having the small particle size are pulverized. The shearing strength 
wrth which the mother particles 1 2 secondarily coagulated and having the small particle size are covered with the exter- 
nal additives 13 is too large for the mother particles 12 having large particle sizes. Therefore, there arises a problem in 
J^T' 3 ? ditiveS 13 are embedded in ton er. To compensate the foregoing state, external additives 13 are 
again added afterthe mother particles 12 have been covered. Then, small shearing strength is set to be small strength 
and a post process is performed for a relatively long time. 

^If 81 ,... «fe Preferable that the external addrtives 13 are previously subjected to a pulverizing process using a jet mill 
°1 I t eX,emal additives 13 whicn are asain added may be made of a material other than the external additives 
which is the external addrtives 13 added first. The particle size may be different from the particle size of the external 
additives 1 3 added first. 

[0189] Examples of the fifth aspect of the present invention were tested. Details of the tests are described below. 
Example 4 



45 



[0190] In Example 4, six types of toner particles were tested which were constituted such that the ratio D1/D2 of the 
mean particle size D1 of the entire toner particles and the mean particle size D2 of toner particles composed of the 

^!* P t^ e ! In " Wch thG concentration °* tne external additives was lower than a predetermined concentration was 
varied to 2.07, 1 .92, 1 .72, 1 .70, 1 .67 and 1 .45. The results are shown in Table 4 
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Table 4 



Tests 


Additive 


D1/D2 


Number of Prints (A4) 


Unevenness in Density 
of Image 


Fixation of Toner 


1 


A 


2.07 


200 sheets 


poor 


occurred 


2 


A 


1.92 


1000 sheets 


fair 


occurred slightly 


3 


A 


1.72 


B 10000 sheets 


good 


occurred slightly 
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Table 4 (continued) 



Tests 


Additive 


D1/D2 


Number of Prints (A4) 


Unevenness in Density 
of Image 


Fixation of Toner 


4 


A 


1.70 


10000 sheets 


excellent 


not occurred 


5 


B 


1.67 


10000 sheets 


excellent 


not occurred 


6 


C 


1.45 


10000 sheets 


excellent 


not occurred 



io [0191] As can be understood from results shown in Table 4 and according to Example 4, toner having the ratio D1 /D2 
of 2.07 encountered fixation of toner even after a small number of prints 200 sheets were produced. Since fixation of 
toner occurred, unevenness in the density of images occurred. Toner having the ratio D1/D2 of 1.92 countered slight 
fixation of toner after 1000 sheets were printed. As a result of the fixation of toner, unevenness in the density of the 
images occurred to a degree with which substantially no adverse influence was exerted on the image quality. Toner hav- 

J5 ing the ratio D1/D2 of 1 .72 encountered somewhat fixation of toner after a relatively large number of 10000 prints were 
produced. However, substantially no unevenness in the density of the images occurred. Thus, substantially no adverse 
influence was exerted on the image quality. Three types of toner having the ratio D1/D2 of 1 .70 or lower were free from 
fixation of toner after 10000 sheets were printed. Moreover, no unevenness in the density of the images occurred. 
Therefore, when the ratio D1/D2 is lower than 2, substantially no fixation of toner occurred and also no unevenness in 

so the density of the image which exerts an adverse influence on the image quality occurred. In particular, the ratio D1/D2 
is 1.7 or lower, no fixation of toner occurred and no unevenness in the density of the image occurred. As a result, the 
ratio D1/D2 must be smaller than 2. It is preferable that the ratio D1/D2 is 1 .7 or lower. 

[0192] In the foregoing embodiments, the state of adhesion between the mother particles and the external additives 
of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course, any 

25 toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent particle 
sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire toner 
particles. ^ 
[0193] The development unit according to the fifth aspect of the present invention is not limited to the development 
unit 401 shown in Fig. 29. The present invention may be applied to any one of development units if the development 

30 unit comprises at least the toner carrier 405 and the toner-regulating member (including members besides the toner- 
regulating member 406). 

[01 94] The external additives according to the fifth aspect of the present invention is not limited to silica fine particle. 
A variety of materials may be employed, as described above. When the toner analyzing test is performed, the emission 
spectrum of the elements, which must be detected, is appropriately selected in accordance with the material of the 

35 external additives. Thus, a similar measurement can be made by using external additives other than silica. When tita- 
nium oxide is employed to serve as the ©eternal additives, the emission spectrum of Ti must be detected and proc- 
essed. When alumina is employed, the emission spectrum of Al must be detected and processed. 
[01 95] As can be understood from the foregoing description, toner according to the fifth aspect of the present inven- 
tion has the constitution that the ratio of the mean particle size of the entire toner particles and the mean particle size 

40 of toner particles composed of the mother particles in which the concentration of the external additives is lower than a 
predetermined, concentration is lower than 2. Thus, the particle size of toner in which the concentration of the external 
additives is lower than the predetermined concentration can substantially be enlarged. As a result, if thermomechanical 
stress is exerted on toner allowed to adhere to the toner-regulating member owning to the physical adhesive force, 
change in the shape of toner can be prevented. 

45 [0196] If the toner carrier, which moves at high speed, is brought into contact with the toner-regulating member 
through toner, adhesion of toner to adjacent toner particles and the surface of the toner-regulating member can be pre- 
vented. Therefore, fixation of toner to the toner-regulating member can be prevented and the unevenness in the move- 
ment of the developer can be prevented. 

[0197] The development unit according to the fifth aspect of the present invention uses toner as described above. 
so Therefore, fixation of toner to the toner-regulating member can be prevented. As a result, the durability of the develop- 
ment unit can be improved. Thus, simply supply of the toner to the development unit enables the development unit to 
repeatedly be operated for a long time. 

[0198] Toner and the development unit according to the present invention are able to prevent unevenness in the move- 
ment of the toner caused from the toner carrier. Moreover, occurrence of unevenness in the density of the images in the 
55 form of a longitudinal stripe caused from the unevenness in the movement can be prevented. As a result, an excellent 
image quality can be obtained. 

[0199] The equivalent particle size is usually expressed by cube-root voltage. When intensity of certain emission 
spectrum must be converted into a voltage level to perform data-processing of the intensity, the simple conversion of 
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the intensity of the emission spectrum into the voltage level encounters excessive enlargement of the range of the 
numeric value. Therefore, the cube-root voltage is employed. The cube-root voltage is a cube-root voltage of voltage 
obtained by converting the intensity of emission spectrum into the voltage. The cube-root voltage is a value correspond- 
ing to the particle size, that is. the equivalent particle size. 

5 [0200] To obtain an absolute particle size from the equivalent particle size given as the cube-root voltage, that is. to 
obtain a mean volume particle size, the cube-root voltage must be converted into an absolute particle size. The abso- 
lute particle size can be calculated from a relationship: cube-root voltage x p (a coefficient) = absolute particle size 
The coefficient p which varies depending on the substance which must be measured and obtained for each measure- 
ment. When the coefficient p of silica (SiOa) for use in the foregoing toner analyzing method is obtained, silica having a 

w large particle size (particle size: 1 0 \un) for use in liquid crystal is measured by using a coulter counter. Thus, the abso- 
lute particle size of silica is obtained. Moreover, the same silica is measured by a particle analyzer (for example 
PT1000 manufactured by \bkogawa Electric Corporation) to obtain the cube-root voltage. In accordance with the fore- 
going relational expression, the absolute particle size is divided with the cube-root voltage. Thus, the coefficient p can 
be obtained. Then, a conversion graph between the cube-root voltages of silica and the absolute particle sizes of the 

is same is produced. The produced conversion graph is used to obtain the absolute particle size of silica from the cube- 
root voltage obtained from the measurement. That is. the mean volume particle size can be obtained. 
[0201 ] When the equivalent particle size (the cube-root voltage) of the equivalent particle obtained from the emission 
spectrum of each of the mother particles and the external additives is plotted for each particle of toner T. a graph show- 
ing the distribution of equivalent particle sizes of the toner particles as shown in Fig. 33 can be obtained. 

so [0202] The graph shown in Fig. 33 has an axis of abscissa which stands for equivalent particle sizes of the mother 
particles and an axis of ordinate which stands for equivalent particle sizes of the external additives. The equivalent par- 
ticles indicated on the axis of abscissa represent asynchronous mother particles to which the external additives are not 
allowed to adhere. On the other hand, the equivalent particles indicated on the axis of ordinate represent asynchronous 
external additives liberated from the mother particles. Equivalent particles deviated from the axis of abscissa and the 

25 axis of ordinate indicate synchronized toner T having the external additives allowed to adhere the mother particles. 
[0203] The distrfoution graph of equivalent particle sizes of toner particles shown in Fig. 33 is used to analyze as state 
of adhesion of the external additives to the mother particles 12 of toner T. To perform the analysis, one approximation 
straight line a is used which is approximation of the distribution of the external additives with respect to the particle sizes 
of the mother particles 12 and which is obtained by the least-square method and passing through the origin, as shown 

so in the drawing. The inclination (equivalent particle size of the external additives/equivalent particle size of the mother 
particles: tan 6) of the approximation straight line a indicates the concentration of the external additives 13 allowed to 
adhere (synchronized with) the mother particles 12. That is, the concentration of the external additives 13 is lowered as 
the inclination 8 is reduced. In the foregoing case, the amount of the synchronized external additives 13 is small and 
also the particle size is small. As the inclination (tan 6) is enlarged, the concentration of the synchronized external addi- 

*5 fives 1 3 raised. In the foregoing case, the amount of the synchronized external additives 1 3 is large and also the particle 
size is large. r~ 

[0204] To incficate the size of the coagulated external additives of the liberated external additives to perform the anal- 
ysis of toner T. cumulative relative frequency D50 of the liberated external additives which are asynchronous with the 
mother particles of toner is used. To obtain the cumulative relative frequency D50. a bar graph indicating the count of 
u> the asynchronous external additives with respect to the equivalent particle sizes (the cube-root voltage) of the asyn- 
chronous external additive-synchronized toner (Si02) on the axis of ordinate is produced as shown in Fig. 34 Then a 
50% value of the cumulative value of the bar graph is obtained. Thus. D50 (that is, a volume average particle size)'of 
cumulative relative frequency with respect to the cube-root voltage corresponding to the particle size of the external 
additives can be obtained. 

5 [0205] Toner T according to an first embodiment in the sixth aspect of the present invention comprises a plurality of 
mother particles and a plurality of external additive particles allowed to adhere to the mother particles, wherein an incli- 
nation (particle sizes of the external additives/particle sizes of the mother particles: tan e) of an approximation straight 
line a concerning the concentration of the synchronized external additives is not smaller than 0.4. and the amount of 
liberated external additives is 1 .0 wt% or higher. The amount of the liberated external additives is the ratio of the liber- 

o ated external additives which is asynchronous with the mother particles of toner positioned on the axis of ordinate of 
Fig. 33, based on the overall amount of the mother particles of toner and the external additives. 
[0206] The image forming apparatus using toner T according to the first embodiment may be a full color and interme- 
diate transfer type color printer as shown in Fig. 41. Also another image forming apparatus other than the printer, an 
image forming apparatus other than the intermediate transfer type apparatus, an image forming apparatus for forming 

5 one to three color images may be employed. That is. any one of image forming apparatuses may be employed if the 
apparatus is arranged such that an electrostatic latent image on the OPC is developed with toner T to form a toner 
image on the OPC so as to transfer the toner image on the OPC so that a toner image is formed on a transfer member. 
[0207] - A process using toner T according to the first embodiment to form an image by the color printer 601 shown in 
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Fig. 41 is described below referring to, for example, the case where silica (Si0 2 ) is employed as the external additives. 
The operation of the color printer 601 to form an image by using toner T according to the first embodiment is the same 
as the operation of the color printer 601 which uses conventional toner shown in Fig. 41 . The above-mentioned consti- 
tution of toner T according to the first embodiment causes the difference to occur. The color printer 601 using toner T 
5 is different from the color printer 601 using conventional toner in the state of movement of toner from each of develop- 
ment roller 603a, 604a, 605a and 606a to the OPC 602. Moreover, a state of movement of toner from the OPC 602 to 
the intermediate transfer medium 607 and a state of movement of toner from the intermediate transfer medium 607 to 
the transfer member 612 are different. 

[0208] Similarly to the conventional color printer, in the color printer 601 using toner T according to the first embodi- 
w ment, silica-covered toner and liberated silica (SKD2) in the development units 603. 604, 605 and 606 are, on the devel- 
opment rollers 603a, 604a, 605a and 606a, electrified with development bias voltage Vb, and then moved to the OPC 
602. In the color printer 601 according to the first embodiment, electrified liberated silica exists in the form of coagula- 
tion and in the form of adhesion to silica of the silica-covered toner. Liberated silica in the form of coagulation moved to 
the OPC 602 and having a small particle size and light weight is exerted with an influence of a negative electric field of 
is the latent image on the OPC 602 before silica-covered toner on the development rollers 603a. 604a, 605a and 606a is 
made contact with the latent-image portion of the OPC 602. Therefore, foregoing liberated silica is moved prior to the 
movement of silica-covered toner to be allowed to adhere to the OPC 602 so as to be developed. Then, silica-covered 
toner on the development rollers 603a, 604a, 605a and 606a is moved from the development rollers 603a, 604a, 605a 
and 606a to the OPC 602 when the foregoing development rollers have been brought into contact with the latent image 
20 portion of the OPC 602 so as to be allowed to adhere. Thus, the latent image on the OPC 602 is developed. At this time, 
silica-covered toner allowed to adhere to the OPC 602 is placed on liberated silica previous allowed to adhere to the 
OPC 602. In the foregoing state, liberated silica allowed to adhere to the OPC 602 and silica-covered toner are moved 
to the intermediate transfer medium 607 applied with positive voltage. 

[0209] Liberated silica on the OPC 602 moved to the intermediate transfer medium 607 is exerted with an influence 
25 of the positive electric field of the intermediate transfer medium 607 before silica-covered toner on the OPC 602 is 
brought into contact with the intermediate transfer medium 607. Thus, liberated silica is moved prior to the movement 
of the silica-covered toner to be allowed to adhere the intermediate transfer medium 607. Since liberated silica previ- 
ously allowed to adhere to the OPC 602 is. at this time, interposed between the OPC 602 and silica-covered toner, the 
area of contact between silica-covered toner and the OPC 602 is reduced. Thus, silica-covered toner can easily be sep- 
30 arated from the OPC 602. Moreover, the distance from the OPC 602 to the silica-covered toner is elongated. Therefore, 
the mirror force which acts on silica-covered toner has been weakened. Therefore, silica-covered toner on the OPC 602 
is able to easily move and allowed to adhere to the intermediate transfer medium 607. That is, liberated silica previous 
allowed to adhere to the OPC serves as a lubricant. 

[0210] Silica-covered toner allowed to adhere to the intermediate transfer medium 607 is placed on liberated silica 
35 previously allowed to adhere to the intermediate transfer medium 607, similarly to the case of the OPC 602. In the fore- 
going state, liberated silica and silica-covered toner allowed to adhere to the intermediate transfer medium 607 are 
moved to the transfer member 612 by the intermediate transfer medium 607. 

[0211] Similarly to the case of the OPC 602, liberated silica previous allowed to adhere to the intermediate transfer 
medium 607 has been interposed between the intermediate transfer medium 607 and silica-covered toner. Therefore, 
40 liberated silica serves as the lubricant Hence it follows that silica-covered toner on the intermediate transfer medium 
607 is easily moved owning to secondarily transferred bias voltage of the secondary transfer roller 607a so as to be 
allowed to adhere to the transfer member 612. Thus, the toner image primarily-transferred and formed on the interme- 
diate transfer medium 607 is furthermore reliably transfened to the transfer member 612. 

[021 2] As described above, toner T according to the first embodiment is constituted such that the inclination (particle 
45 sizes of the external additives/fc>article sizes of the mother particles: tan 0) of an approximation straight by a least-square 
method is not smaller than 0.4. Moreover, the amount of liberated external additives is 1.0 wt% or higher. Therefore, 
liberated silica furthermore effectively serves as the lubricant Therefore, the transfer efficiency can be improved owning 
to improvement in the separating characteristic of the toner image when the transfer is performed. Therefore, occur- 
rence of unevenness in the color owning to missing of an intermediate portion can reliably be prevented regardless of 
so the type of the transfer member 61 2 including rough paper. 

[021 3] When silica-covered which silica has deteriorated owning to use for a long time has been brought to a state in 
which silica is separated from the mother particles by a stirring member or the like in the development unit, toner 
according to this embodiment causes a state in which liberated silica to exist. Therefore, supplement of silica to the 
mother particles in which silica has been separated can effectively be performed. Therefore, an efficient transfer char- 
55 acteristic can be maintained for a long time. Thus, stable color development can be realized. 

[0214] The external additives according to the present invention is not limited to silica fine particle. A variety of mate- 
rials may be employed, as described above. When the toner analyzing test is performed, the emission spectrum of the 
elements, which must be detected, is*appropriately selected in accordance with the material of the external additives. 
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Thus, a similar measurement can be made by using external additives other than silica. When titanium oxide is 
employed to serve as the external additives, the emission spectrum of Ti must be detected and processed. When alu- 
mina is employed, the emission spectrum of Al must be detected and processed. 

[021 5] If the amount of liberated silica is determined as described above, the liberated silica is able to reliably exhibit 
5 the function as the lubricant. If the amount of liberated silica is enlarged, the development roller, the OPC 602 and the 
intermediate transfer medium 607 easily encounter f Hming of silica. In this case, silica cannot be sufficiently remved by 
the cleaning blade. Therefore, it is preferable that the amount of liberated silica is 5.0 wt% or lower. 
[021 6] Examples of the sixth aspect of the present invention were tested. Details of the tests are described below. 

10 Example 5: 

[0217] Four toner samples (1), (2), (3) and (4) shown in Table 5 were used to perform image forming tests using the 
color printer 601 as shown in Fig. 41. Moreover, toner was analyzed by using particle analyzer PT1000 manufactured 
by Yokogawa Electric Corporation. 

15 

Test Conditions: 
[0218] 

20 Environment for Measurement: 
temperature: 23°C 
humidity: 65% RH 
Mother Particles: 
polyester 

25 

Amount of Added Silica (wt%) 

small particle-size silica (particle size: 10 nm)/ large particle-size silica (particle size: 40 nm) 

30 Voltage (VJ to Electrifying Roller 603 = -1 .2 KV 
Surface Potential V 0 of OPC 602 = -570 V 

Surface Potential of OPC 602 after recording has been performed owning to exposure = -70 V 
Development Bias V b = -120 V (common to the four colors) 

35 [021 9] Amount of Development of Magenta and that of cyan is 0.59 mg/cm 2 . 

[0220] Primary Transfer Bias V t1 =+400V (varied from transfer currem l t1 = -300 M to + 100 Macx»rding to elertric 
resistance of intermediate transfer medium 607) 

[0221] Also the surface potential of the intermediate transfer medium 607 is made to be almost the same level The 
amount of toner when magenta and cyan have been transferred from the OPC 602 to the intermediate transfer medium 
607 is 1.1 mg/cm . Therefore, the primary transfer efficiency with respect to a multilayered structure is 93% 
[0222] Current when secondary transfer current is controlled to be a constant current = +30 jiA (secondary transfer 
bias can automatically be varied according to electric resistance of the transfer member) 

[0223] Lower-limit bias V G for secondary transfer = +1000 V (transfer current I* at this time can automatically be var- 
ied to +300 \iA according to the electric resistance of transfer member) 

[0224] Secondary transfer bias is applied to the secondary transfer roller 607a when the toner image is transferred 
from the intermediate transfer medium 607 to the transfer member 612. 



40 
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Transfer Member: 
so [0225] 



55 



XEROX4024 as plain paper 

NEENAHBOND (U.S. A) Model No.02700 as rough paper 

[0226] Intermediate Transfer Medium: A belt is employed which has a structure that aluminum is evaporated to a sub- 
strate made of PET, followed by coating the substrate with a coating material having resistance adjusted with a conduc- 
tive material. In the foregoing case, ends of the belt were formed by applying a carbon electrode layer on the aluminum 
layer in place of the coating material. The primary transfer bias V t1 is applied from the carbon electrode layer at the end 
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of the belt to the intermediate transfer member. 

[0227] Cleaning Blade: Both of blades for the OPC and intermediate transfer belt have a structure that urethane rub- 
ber is bonded to a metal plate to clean substances at the edge of the rubber. 

[0228] Results of tests are shown in Figs. 35 to 40. In the foregoing case. Fig. 35 is a bar graph corresponding to Fig. 

5 34 showing sample (1). Fig. 36 is a graph showing distribution of equivalent particle sizes corresponding to Fig. 33 
showing sample (1). Fig. 37 is a bar graph corresponding to Fig. 34 showing sample (2). Fig. 38 is graph showing dis- 
tribution of equivalent particle sizes of toner particles and corresponding to Fig. 33 showing sample (2). Fig. 39 is a bar 
graph corresponding to Fig. 34 showing sample (3). Fig. 40 is a graph showing distribution of equivalent particle sizes 
of toner particles and corresponding to Fig. 33 showing sample (3). 

w [0229] In accordance with results of the tests shown in Figs. 35 to 40, inclinations 6 of the approximation straight line 
and mean volume particle sizes of liberated silica were obtained. The results are shown in Table 5 for the cases where 
rnultilayer-transfer to rough paper was performed. 



Table 5 



Sample 


Amount of Added 
silica (wt%) 


Inclination of 
Approximation 
Straight Line a 
(concentration of of 

silica synchro- 
nized with mother 
particles of toner 


Amount of Liber- 
ated Silica (wt%) 


Efficiency of Sec- 
ondary Transfer to 
Rough Paper 


State of Transfer 


(1) 


2.0/0.7 


0.541 


3.72% 


90% 


excellent 


(2) 


1.6/0.7 


0.537 


1.72% 


86% 


good 


(3) 


2.0/0.7 


0.467 


2.32% 


88% 


good 


(4) 


1.5/0.7 


0.393 


1.60% 


83% 


fair 



30 

[0230] Excellent: No color missing owning to defective transfer was observed, that is. transfer was excellent because 
of no difference from plain paper. 

[0231 ] Good: Local color missing owning to defective transfer was observed. However, results of transfer was fine. 
[0232] Fair: Transfer was unsatisfactory in regions in which color missing owning to defective transfer was conspicu- 

35 OUS. 

[0233] *: Amount of added silica shown in the table was small-size external additives/large-size external additives 
(wt%) 

[0234] As can be understood from Table 5, comparison between samples (1) and (2) resulted in a fact that the den- 
sities of silica synchronized with the mother particles of toner were substantially the same. Moreover, the particle sizes 

40 of liberated silica were substantially the same. At this time, the amount of liberated silica of sample (1) was larger than 
that in sample (2). The efficiency of the secondary transfer to the rough paper with sample (1) was higher than the effi- 
ciency with sample (2). That is, if the densities of silica which was synchronized with the mother particles of toner and 
the particle sizes of liberated silica were substantially the same, the efficiency of the secondary transfer was improved 
as the amount of liberated silica was enlarged. Sample (2) had the constitution that the amount of added silica having 

45 the small particle sizes was made to be smaller than that of sample (1) (that is. the method of adding the external addi- 
tives was changed). Thus, raising of the concentration of silica-covered toner to that of sample (1) was permitted. How- 
ever, the efficiency of transfer was not improved satisfactorily. 

[0235] When a comparison between samples (3) and (4) are made, results about liberated silica were substantially 
the same. However, the (coagulated) particle sizes of liberated silica in the form of coagulation of sample (4) were larger 
so than those of sample (3). The efficiency of secondary transfer to the rough paper realized by sample (4) was higher than 
that of sample (3). That is, if liberated silica was substantially the same, the efficiency of the secondary transfer was 
improved as the particle sizes of liberated silica (in the form of coagulation) was enlarged. 

[0236] A second embodiment of toner T according to the sixth aspect of the present invention is constituted such that 
the volume-based mean particle size of liberated silica (SiO^ which is not allowed to adhere to the mother particles is 
55 1 .5 urn or larger. In the foregoing case, toner according to this embodiment has the constitution that when the volume- 
based mean particle size of liberated silica (S1O2) is expressed with cubic-root voltage, the value is 1 .5 V or higher. 
[0237] The toner constituted as described above and according to this embodiment is brought to a state in which 
coagulated external additives among the liberated external additives are enlarged. As a result, coagulated external 
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additives exist between the OPC 602 and silica-covered toner similarly to the above-mentioned embodiment. Therefore 
the areas of contact between the silica-covered toner and the OPC 602 is furthermore reduced. Moreover, the dis- 
tances from the OPC 602 to silica-covered toner are elongated, causing image-force to be weakened. Therefore, the 
liberated externa! additives furthermore effectively serve as the lubricant 
5 [0238] Therefore, the characteristic for separating the toner image can be improved when transfer is performed sim- 
ilarly to the foregoing embodiment. Thus, the efficiency of transfer can be inproved. Moreover, occurrence of uneven- 
ness in the color owning to missing of an intermediate portion can reliably be prevented regardless of the type of the 
transfer member 612. 

[0239] If toner according to this embodiment is brought to a state in which silica-covered toner which has deteriorated 
io owning to use for a long time and which comprises silica separated from the mother particles by the stirring member or 
the like in the development unit, liberated silica exists. Therefore, supplement of silica to the mother particles from which 
silica has been separated can effectively be performed. Therefore, an efficient transfer characteristic can be maintained 
for a long time. Thus, stable color development can be realized. 

15 Example 6 

[0240] Five types of toner samples (5), (6), (7). (8) and (9) shown in Table 6 were used to perform image forming tests 
by operating the color printer 601 constituted as shown in Fig. 41 . Moreover, toner was analyzed by using particle ana- 
lyzer PT1000 manufactured by Yokogawa Electric Corporation. The other test conditions were the same as those 
20 according to the foregoing embodiment. 

[0241] The results of the tests are shown in Table 6 for the cases where multilayer-transfer to rough paper was per- 
formed. 



25 



30 
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Table 6 



Sample 


Amount of Added Silica 
(wt%) 


Means Volume Particle size 
of Liberated Silica (value of 
Cumultative Relative Fre- 
quency D50 Expressed with 
Cubic- Root Voltage) 


Secondary Transfer Effi- 
ciency to Rough Paper 


State of Transfer 


(5) 


2.0/0.7 


1.80 V 


90% 


excellent 


(6) 


2.0/0.7 


2.34 V 


88% 


good 


(7) 


1.6/0.7 


1.81 V 


86% 


good 


(8) 


2.0/0.7 


1.47 V 


78% 


poor 


(9) 


1.5/0.7 


1.52 V 


83% 


fair 
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[0242] Excellent: No color missing owning to defective transfer was observed and satisfactory result of transfer was 
obtained because no difference from plain paper. 

[0243] Good: Local color missing owning to defective transfer was observed. However, satisfactory results of transfer 
were realized. 

[0244] Fair: Color missing owning to defective transfer was conspicuous. Acceptable results of transfer were obtained. 
[0245] Poor: Excessive color missing owning fo defective transfer was observed. Exposure of fibers of paper was 
observed in a plurality of portions. 

[0246] *: The amounts of silica shown in the table was small particle-size external additives/large particle-size external 
additives (wt%). The mean voltage particle sizes of liberated silica is absolute particle sizes (V) of "cubic-root voltage" 
which was an index corresponding to the volume-based particle size of liberated silica which was asynchronous with 
the mother particles of toner. 

[0247] As can be understood from Table 6. when the mean volume particle size of liberated silica, that is. when the 
value of cumulative relative frequency D50 of liberated silica which is asynchronous with the mother particles of toner 
is 1 .5 or greater, an excellent efficiency of transfer to the rough paper can be realized. When transfer to the rough paper 
is performed, transfer can be performed to a state in which missing of an intermecfiate portion cannot be observed as 
a defective image at least with the unaided eyes. 

[0248] In the foregoing embodiments, the state of adhesion between the mother particles and the external additives 
of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course, any 
toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent particle 
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sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire toner 
particles. 

[0249] As can be understood from the foregoing description, toner according to the sixth aspect of the present inven- 
tion causes liberated silica to serve as a furthermore effective lubricant. Therefore, the separating characteristic of the 
5 toner image can be improved when transfer is performed, causing the efficiency of transfer to be improved. Therefore, 
occurrence of unevenness in color owning to missing of an intermediate portion can effectively be prevented regardless 
of the type of the transfer member including the rough paper. 

[0250] Toner and the image forming apparatus according to the sixth aspect of the present invention enables liberated 
silica to exist if silica is separated from the mother particles by the stirring member or the like in the development unit 

10 owning to deterioration in silica-covered toner caused from use of toner for a long time. Therefore, supplement of silica 
to the mother particles from which silica has been separated can effectively be performed. As a result, an efficient trans- 
fer characteristic can be maintained for a long time. Hence it follows that stable color development can be realized. 
[0251] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 

15 the spirit and scope thereof. 

Claims 

1 . A toner comprising: 

20 

a plurality of mother.particles (12); and 

a plurality of external additive particles (13) to be attached to said mother particles (12), said external additive 
particles (13) including external additive particles (13) attached to said mother particle (12) and external addi- 
25 ti ve particles ( 1 3) liberated from said mother particles, 

wherein an inclination (particle sizes of said external additives/particle sizes of said mother particles) of an 
approximation straight line obtained by approximating distribution of particle sizes of said external additives 
with respect to the particle sizes of said mother particles (12) by a least-square method is not larger than 0.6. 

30 2. The toner according to claim 1 , the proportion of the number of said external additive particles (1 3) liberated from 
said mother particles (12) is not higher than 5% based on the number of the entire toner particles. 

3. The toner according to claim 1 or 2, wherein a value obtained by dividing the average of the equivalent particles 
sizes of said external additive particles (13) attached to said mother particle (12) with the average of the equivalent 

35 particle sizes of the entire external additive particles (1 3) is larger than 1 . 

4. A toner comprising : 

a plurality of mother particles (1 2); and 
40 a plurality of external additive particles (13) to be attached to said mother particles (12), said external additive 

particles (13) including external additive particles (13) attached to said mother particle and external additive 
particles liberated from said mother particles (12), 

wherein a value obtained by dividing the average of the equivalent particle sizes of said external additive par- 
ticles (13) attached to said mother particle with the average of the equivalent particle sizes of the entire exter- 
45 nal additive particles (13) is larger than 1. 

5. An image forming apparatus comprising: 

a toner; 

50 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

55 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step, 
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wherein said toner is a toner according to claim 1 . 

6. An image forming apparatus comprising: 
s a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
10 said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 

a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step. 
15 wherein said toner is a toner according to claim 4. 

7. A toner comprising: a plurality of mother particles (12); and a plurality of external additive particles (13) to be 
attached to said mother particles (12) and including toner particles comprising said mother particle (12) having 
attached thereto said external additive particles (13) and toner particles comprising said mother particle (12) not 

20 having attached thereto said external additive particles (13), 

wherein an inclination (particle sizes of said external additive particles/particle sizes of said mother particles) of an 
approximation straight line obtained by approximating distribution of particle sizes of said external additive particles 
with respect to the particle sizes of said mother particles by a least-square method is not smaller that 0.4. 

25 8. A toner comprising: 

a plurality of mother particles (12); 

and a plurality of external additive particles (13) to be attached to said mother particles (12), and including 
so toner particles comprising said mother particle (12) having attached thereto said external additive particles 

(13) and toner particles comprising said mother particle (12) not having attached thereto said external additive 
particles (13), 

wherein a value obtained by dividing the mean particle size of said toner particles each comprising said mother 
particle (12) having attached thereto said external additive particles (13) with the mean particle size of the 
35 entire toner particles is larger than 1 . 

9. The toner according to claim 7, wherein a percentage of the number of said toner particles each comprising said 
mother particle (1 2) having attached thereto said external additive particles (1 3) and the number of the entire toner 
particles is not lower than 60%. 

40 

10. The toner according to claim 8, wherein a percentage of the number of said toner particles each comprising said 
mother particle (12) having attached thereto said external additive particles (13) and the number of the entire toner 
particles in not lower than 60%. 

45 11. The toner according to claim 7, wherein said mother particles (12) and said external additive particles (13) have 
polarities different from each other. 

12. The toner according to claim 8, wherein said mother particles (12) and said external additive particles (13) have 
polarities different from each other. 

50 

13. The toner according to claim 11, wherein the polarity of said mother particles (12) is positive, and the polarity of 
said external additive particles (1 3) is negative. 

14. The toner according to claim 12, wherein the polarity of said mother particles (12) is positive, and the polarity of 
55 said external additive particles (1 3) is negative. 

15. An image forming apparatus comprising: 
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a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

5 a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 

said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 

10 a fixing unit for fixing unit for the transferred image positioned on said latent-image carrier, 

wherein said toner is a toner according to claim 7. 

16. An image forming apparatus comprising: 
15 a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
20 said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 

a fixing unit for fixing the transferred image positioned on said latent-image carrier. 
25 wherein said toner is a toner according to claim 8. 

17. A development unit comprising: 

a toner; 

30 

a toner carrier for carrying said toner; 

a toner supply member for supplying toner to said toner carrier; and 

35 a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 

on said toner carrier, 

wherein said toner is a toner according to claim 8. 

18. The development unit according to claim 17, further comprising a bias voltage apply member disposed between 
40 said toner carrier and said toner supply member and arranged to apply bias voltage in a direction in which toner is 

moved from said toner supply member to said toner carrier owning to the difference in the potential. 

19. A development unit comprising : 
45 a toner; 

a toner carrier for carrying said toner; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
so on said toner carrier, 

wherein said toner comprises: 

a plurality of mother particles (1 2); 

55 and a plurality of external additive particles (13) to be attached to said mother particles (12), and including: 

toner particles having an external additive concentration not lower than a predetermined concentration; and 
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toner particles having an external additive concentration lower than a predetermined concentration, 
wherein said toner has a proportion of the number of said toner particles having an external additive concen- 
tration lower than a predetermined concentration based on the number of the entire toner particles of not 
higher than 30%, and 
5 wherein said toner-regulating member comprises a soft elastic member. 

20. The development unit according to claim 19, wherein said elastic member is a rubber or elastomer having an 
impact resilience of not lower than 1 0%. 

10 21. The development unit according to claim 19, wherein when said toner-regulating member is used to contact with 
said toner with the edge thereof, said soft elastic member has a rubber hardness of 60 or lower, and when said 
toner-regulating member is used to contact with said toner with the body thereof, said soft elastic member has a 
rubber hardness of 30 or lower. 

15 22. A toner comprising: 

a plurality of mother particles (1 2); and 

a plurality of external additive particles (13) to be attached to said mother particles (12), and including: 

toner particles having an external additive concentration not lower than a predetermined concentration; and 

toner particles having an external additive concentration lower than a predetermined concentration, 
wherein said toner satisfies the following relationship: 

D1/D2 < 2 



20 



25 



wherein D1 represents the average of the equivalent particle sizes of the entire toner particles and D2 repre- 
sents the average of the equivalent particle sizes of said toner particles having an external additive concentra- 
30 tion lower than a predetermined concentration. 

23. A development unit comprising: 

a toner; 

a toner carrier for carrying said toner ; and 



35 



a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier, 
40 wherein said toner is a toner according to claim 22. 

24. A toner comprising: 

a plurality of mother particles (1 2); and 

45 

a plurality of external additive particles (13) to be attached to said mother particles (12), said external additive 
particles (13) including external additive particles (13) attached to said mother particle (12) and external addi- 
tive particles (1 3) liberated from said mother particles (12), 

wherein an inclination (particle sizes of said external additives/particle sizes of said mother particles) of an 
so approximation straight line obtained by approximating distribution of particle sizes of said external additives 

with respect to the particle sizes of said mother particles by a least-square method is not smaller than 0.4, and 
wherein the content of said liberated external additive particles is not lower than 1.0 wt% based on the total 
weight of said toner. 

«• 

55 25. A toner comprising: 

a plurality of mother particles (12); and 
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a plurality of external additive particles (13) to be attached to said mother particles (12), said external additive 
particles (13) including external additive particles (13) attached to said mother particle (12) and external addi- 
tive particles (13) liberated from said mother particles (12), 

wherein said liberated external additive particles have a volume-based mean particle size of not smaller than 
1.5 pm 

26. The toner according to claim 25, wherein said liberated external additive particles have a cumulative relative fre- 
quency value D50 of not lower than 1 .5 V in cases where the volume-based particle size of said liberated external 
additive particles is expressed with cubic-root voltage. 



10 



27. An image forming apparatus comprising: 

a toner; 

is a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image on said latent-image carrier with said toner; 
and 

20 a transfer unit for transferring said developed image on said latent-image carrier, 

wherein said toner is a toner according to claim 24. 

28. An image forming apparatus comprising: 
25 a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image on said latent-image carrier with said toner; 
30 and 

a transfer unit for transferring said developed image on said latent-image carrier, 
wherein said toner is a toner according to claim 25. 

35 
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FIG. 3 
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FIG. 36 



o 

CO 

uj uj 



Q_ 



ZD 

S 



SAMPLE (1) 

INCUNATION: 0.541 




CUBE-ROOT VOLTAGE [V] 
(EQUIVALENT PARTICLE SIZE OF MOTHER PARTICLE) 



FIG. 37 



o 
o 



50 



SAMPLE (2) 



g 

-J 

CO 
CO 

r> 
o 
z 
o 
cc 



o 25 - 



>- 

CO 

<: 




5 10 
CUBE-ROOT VOLTAGE [V] 
(EQUIVALENT PARTICLE SIZE OF ASYNCHRONOUS SILICA) 



62 



BNSDOCID: <EP 0977092A2J_> 



EP 0 977 092 A2 



FIG. 38 
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(54) Toner and development unit and image forming apparatus using the same 



(57) A toner comprising: a plurality of mother parti- 
cles 12; and a plurality of external additive particles 13 
to be attached to the mother particles 12, the externa! 
additive particles 13 including external additive particles 
1 3 attached to the mother particle 12 and external addi- 
tive particles 13 liberated from the mother particles, 
wherein an inclination (particle sizes of the external 
additives/particle sizes of the mother particles) of an 
approximation straight line obtained by approximating 
distribution of particle sizes of the external additives 
with respect to the particle sizes of the mother particles 
by a least-square method is not larger than 0.6. Also 
disclosed is an image forming apparatus using the 
toner. 
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1. Claims: 1-3, 5, 7,9,11,13,1s, 24,27 

Toners (cq. apparatus using them) comprising mother 
particles and external additive particles, whereof a part is 
attached to the mother particles and another part is not, 
which are further specified by the inclination of an 
approximation straight line obtained by approximating 
distribution of the particle sizes of the said external 
additives with respect to the particle sizes of the said 
mother particles, by a least-square method. 



2. Claims: 4,6,8,19,12,14,16,17,18,22,23 

Toners (cq- apparatus using them) comprising mother 
particles and external additive particles of which some are 
attached to the mother particles and some are not, further 
specified by ratios of two values related to the size of th 
different types of particles present in the toner mixture. 



3. Claims: 19,20,21 

Toners (cq. apparatus using them) comprising mother 
particles and external additive particles of which some are 
attached to the mother particles and some are not, specifie 
further by the ratio of the number of toner particles 
comprising a certain amount of additive particles to the 
entire number of toner particles. 



4. Claims: 25,26,28 

Toners comprising mother particles and external additive 
particles, of which some are attached to the mother 
particles and some are not, further specified by particle 
size (>= 1,5 micron) of the non-attached external additive 
particles. 
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